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FORM DISCRIMINATION AS A LEARNING CUE 
IN INFANTS*! 


BING-CHUNG LING 
University of Michigan 


INTRODUCTION 


There have been a number of studies in form discrimination 
in lower animals and human adults, but relatively little work 
has been done in the same field with children, especially with 
infants. Experiments by Line (42), Gellermann (15, 16), 
Skeels (52), Munn and Stiening (43), and Volkelt and Loeben- 
stein (60) represent the more significant of these latter studies. 

In addition to these experiments on form discrimination 
per se in children may be briefly mentioned those on the genetic 
development of form as related to other sensory and spatial 
attributes; viz., spatial orientation, size, number, color, ete. 

In regard to spatial orientation in very young children there 
is, on the whole, agreement, namely, to a child a form is much 
more independent of its absolute spatial position than it is to 
adults [Koffka (36, p. 293); Vernon (58, p. 186); Gellermann 
(15, 16); Bithler (4, pp. 156-157); Jersild (31, p. 236); Johnson 


* A dissertation submitted in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy in the University of Michigan. 

1 The writer wishes to express her deep appreciation to the members of her 
doctoral committee: Professors Walter B. Pillsbury, John F. Shepard, Burton 
D. Thuma and Willard C. Olson for many valuable suggestions and criticisms. 
She is especially indebted to Professor Martha G. Colby, Chairman of the Com- 
mittee, for inspiration, encouragement, direction and advice both at the time of 
active research and during the writing of the dissertation. She also wishes to 
thank Doctors Harley A. Haynes, Norman F. Miller, D. Murry Cowie and their 
colleagues of the University Hospital for the pediatric examination of the sub- 
jects and for laboratory space for the experiment; her assistants, especially 
Doctor Charles H. Crudden who constructed the one-way observation cubicle, 
for their valuable aid in the different phases of the research; and finally, St. 
Joseph’s Mercy Hospital, and the parents of the subjects, without whose loyal 
cooperation the experiment would have been impossible. 
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(32, p. 256); etc.]. On the other hand, the comprehensive data 
of Hanfmann (27) with twenty-two slightly older subjects 
(four to seven years) show that the ‘‘absolute orientation already 
influences the children’s perception of shape” (27, p. 328). 
Rice (46) found that orientation of plane figures as a factor in 
perception appears to rise rather suddenly between the ages 
of five and six years. 

Apropos of size, Biihler (4) states that the capacity for appre- 
ciating sizes is developed to a high degree of perfection in the 
first three years. Jersild (31), however, holds that “a young 
child is likely to make errors by judging objects in terms of 
their size rather than their form” (31, p. 237). Koffka (86) 
and Stern (55) report that size plays a very insignificant réle in 
the recognition of things during the first eight or nine months 
of life. Brunswick and Cruikshank (8) found a definite approach 
toward the establishment of size-contancy within the perceptual 
system of the human infant by the second half of the first year. 

Concerning grouping Schroff (49) found that experience does 
not play a part in perceptual grouping as such, but only in the 
concomitant meaning of forms. Rush (48), on the other hand, 
found that “the grouping response is by no means so simple an 
effect of the external ‘field forces’ as has sometimes been sup- 
posed”’ (48, p. 94) and that experience has a genuine influence 
on it. 

In connection with the functional relationship between the 
units of the same form pattern Romero (47) found that the 
three-year-old child is able to gain insight into the functional 
relationship between these units and, therefore, exhibits no 
emotional disturbances when a crucial change is introduced 
into this relationship. 

Regarding ‘‘synthetic’’ or ‘‘masked’’ forms Crudden’s (7) 
experiment shows that the primary school child is able to ‘‘ab- 
stract a known figure from a relatively unknown configuration”’ 
(7, p. 52). This finding is substantiated by comparable adult 
experiments by Djang (10), Whiteside (65), etc. 

In this experiment the color factor was deliberately kept a 
constant, since the consensus of opinion, despite some interesting 
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conflict, is that hue variation, as a more primitive perceptual 
process, would ‘overwhelm’ form discrimination, especially at 
the infant age level [Werner (61), Katz (34), Déscoeudres (9), 
Segers (50), Bithler (4), Von Kuenburg (40), Tobie (56), Volkelt 
(59), Brian and Goodenough (2), Hetzer, Beaumont, and Wiehe- 
meyer (28), Vernon (58), Rabello (44), ete.]|. These conclusions 
are, however, of obviously critical significance to this study in 
that they so emphatically imply form perception as a ‘“‘higher’’ 
and ontogenetically later process than color, mass as such. 

Some reference should be made here to experimental work 
on tactual perception of form, since (1) it is widely regarded as a 
more primitive and probably contributing type, (2) it is obviously 
a natural factor in the spatial behavior of children. Volkelt (60), 
Révész (45), and Katz (33) have shown that the same forms 
may be about equally well discriminated tactually and visually 
by both adults and children. Révész stresses that the two 
phenomena are completely parallel in development, showing 
the same tendencies and obeying the same laws. 

Aside from these experimental findings on the various sensory 
and spatial attributes as related to the genetic development 
of form perception there are a number of general statements and 
space perception theories from leading psychologists which are 
related to or dependent upon the concept of primitive form 
perception [Koffka (36), Shinn (51), Arlitt (1), Curti (8), Vernon 
(58), Stern (55), Werner (61, 62), Biihler (4), Lewin (41), Volkelt 
(60), Wheeler and Perkins (64), etc.]. 

Thus Koffka writes: 


It is not the simplest of geometrical forms, but those biologically the 
most important, which are first evident in infantile perception. From 
her twenty-fifth day forward, Miss Shinn’s niece took an interest in 
human faces, which in her second quarter-year she was able to distin- 
guish as familiar and unfamiliar. To teach the child ‘‘simple figures’”’ 
is possible only at a much later time [twelfth month], (86, p. 289). 


Vernon writes: 


We have referred from time to time to the fact, first emphasized by 
the Gestalt psychologists, that the perceptions of young children may 
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differ considerably from those of adults, and may resemble more closely 
those of animals, especially of the primates. Particularly are children 
likely to perceive the field as a series of undifferentiated meaningful 
wholes. Thus in some ways the configurational tendencies operate 
more strongly in them than in adults; children tend to ignore detail, 
and their perceptions are vague, fluid, inaccurate, and liable to modifica- 
tion in accordance with subjective tendencies (58, p. 178). 


Stern divides the development of space perception into three 
successive stages: 

(1) The development of ‘‘own space’”’ perception. Here the 
individual body as a whole—the head at least—is the starting 
place. 

(2) The development of “near space” perception. The 
principal organic contributors to this development are mouth, 
hand and eye, especially hand. The senses of smell and hearing 
take a secondary place in this development. 

(3) The development of ‘distant space” perception. The 
“distant space’ perception starts to develop after the first three 
months when convergence and accommodation for a distance of 
several meters begin. It is only really mastered when it is 
connected or translated into “‘near space,” and this is done by 
the child’s own power of motion (55, pp. 114-24). 

Werner (61) repeatedly emphasizes the contrast between 
mature and primitive space perception. The perception of the 
young child, the primitive man, and lower animals all show the 
qualities of diffuseness, vagueness, lack of specific inter- and 
intra-relationship, wholeness or “homogeneity,” from which 
specific relationships are only slowly abstracted. 

Werner (62) essentially agrees with Stern in his theory of 
space perception. His developmental periods are: 

(1) Primitive physiognomic and physiological stage. 

(2) Higher level of function, i.e., perceptual interpretation of 
size, form, distance, color, which develops slowly, with its peak 
at 15 years. 

(3) “Conceptual” stage. 

Finally, the fundamental importance of the ontogenetic 
approach to the basic problems of space perception is illustrated 


FORM DISCRIMINATION AS LEARNING CUE 9) 


by Gottschaldt’s (22) statement, that the problem of primitive 
space perception is the nucleus problem of all psychological 
development (22, p. 147). Again he states that few experiments 
are so important as those which try to determine the visual 
space development of the child. 

In view of these statements and the experimental findings 
mentioned earlier, there seem to exist at least three conflicting 
views with regard to genetic facts and theories of the factor of 
form discrimination in visual space perception. 

(1) Are the finer capacities in form discrimination, i.e., specific 
geometric detail as opposed to ‘‘mass”’ differences, present at 
very early age levels? Or are they, as so frequently labelled, an 
“advanced’’ form of mental activity which emerges “relatively 
late’ from a more primitive, “diffuse” state? What is the bearing 
of such data on the nativistic and empirical concepts of space 
perception? 

(2) How minute may these objective differences (sensory 
cues) be? Or conversely how easily may they be obscured by 
a ““‘primitive”’ level of perception, ‘“‘vague, fluid, inaccurate and 
liable to modification in accordance with subjective tendencies”’ 
(58, p. 178)? What is the genetic evidence for the ‘‘Law of 
Pragnanz”’ as stated by Wertheimer (63), Koffka (36), Werner 
(61), etc.? 

(3) Is the nature of the infant’s discrimination of geometric 
form (1) sufficiently inexperienced, or (2) sufficiently ‘‘vague, 
diffuse and homogeneous”’ to be easily affected by changes in 
such collateral ‘“‘topological,’’ ‘‘geographical’’ space attributes 
as orientation, position, size, number, sequence, etc.? 

To summarize the problem in a more general form: 

(1) Is genetic form discrimination a primitive, innate, im- 
mediate and relatively ‘‘absolute’”’ process determined primarily 
by differences of cue in the sensory image (stressing sensory 
maturation and topological organization)? 

(2) Is it a “derived”’ and therefore delayed process dependent 
primarily on the maturation of a “g’’ factor or some analogous 
capacity of perceiving the functional relationships of contours 
(stressing central processes)? 
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(3) Has it in earlier stages essentially the qualitative and 
quantitative genetic differences so widely ascribed to it in 
psychological theories of space perception? 

The present investigation is an attempt to contribute toward 
a solution of these conflicting views by systematic and intensive 
experimentation at early human age levels. It is fourfold in 
its purpose: 

(1) To determine the nature and extent of geometric form 
discrimination in infants with special reference to the collateral 
factors of sequence, position, orientation, number, size, synthesis 
(‘““masking”’) and functional relationship. 

(2) To study the efficacy of such discrimination as a cue in 
the various phases of the learning process, with special reference 
to simple habit formation, retention and recall, inhibition, 
individual differences, transfer, etc., in a relatively simple situa- 
tion such as has been set up in the genetic psychology laboratory 
of the University of Michigan. 

(3) To analyze quantitatively, for the first time, all those 
dynamic concomitants of a specific response which are so urgently 
stressed by contemporary theories of ‘‘integrative” or ‘‘whole’”’ 
behavior [Gottschaldt (22), Werner (61), Koffka (36), ete.]. 

(4) To trace, by continuous longitudinal experimentation, 
as opposed to the sampling method, the finer phases of chrono- 
logical maturation as related to the foregoing processes. 


THE EXPERIMENT? 


The experiment, which constituted the main portion of the research, 
was preceded by seven months of intensive and controlled exploratory 
work, using fourteen subjects, aged six to twelve months. These data 
are not included here. 


A. SERIES I-V INCLUSIVE 


I. Apparatus 


The apparatus consisted of: 
a An experimental cubicle walled with one-way vision screens 
(see Fig. 1). 


2 See thesis or microfilm copy for complete experimental data. 
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6. A regular hospital crib, on one end of the railing of which 
was placed a gray oblong board, 89 cm. by 50.7 em. by 2 em. in 
dimension. Twenty-seven and a half centimeters from the left 
and right sides of the board, and 31.5-35.5 em. from the farther, 
and 12.5-16.5 cm. from the nearer edge in the longitudinal 
direction were drilled five small circular holes, 1.6 cm. in diameter 
and 6.9 em. from one another. (The position of the five circular 


Fic. 1. Form DISCRIMINATION APPARATUS 


In the foreground is the time recording apparatus. Directly behind it is the 
one-way vision cubicle, inside of which are the experimental crib, the experi- 
mental board, and two form blocks. 


holes in relation to the experimental board is described with 
reference to the position of the subject.) These holes formed a 
semicircle with the concave side facing the subject. They were 
equidistant from the infant as well as from one another. During 
the experiment any of these holes not covered by the form blocks 
were stopped with thin cardboard disks painted with the same 
gray paint used for the experimental board so that they were 
rendered invisible. Directly beneath these holes were five 
metal devices by means of which the stimulus blocks could be 
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fastened to the board at will. The subject was seated immedi- 
ately in front of the board with the blocks within easy natural 
reach and grasp. Between the infant and the stimulus blocks 
was a one-way vision wire screen which was suspended from the 
top rails of the experimental cubicle. By means of an articulated 
lever this screen could be swung back and forth and adjusted at 
will, thus covering or uncovering the stimuli according to the 
nature of the experimental trial (see Fig. 1). 

c. A series of geometric form blocks, standard size and large 
size, consisting of circles, ovals, squares, triangles and crosses. 
Within each of the two specified sizes these blocks were of equiv- 


TABLE 1 
Dimensions of form blocks used in the experiment 


FORM BLOCKS STANDARD SIZE LARGE SIZE 


Circle 1; inches, diameter 2 inches, diameter 

Oval 275 by 1¢s inches 3z by 12 inches 

Square 13 inches, side 2 inches, side 

Triangle 1+¢ inches, side 275 inches, side 

Give 3 inch, length or width of arm | 3 inch, length or width of arm 
\ 13 inches, total length or width | 1% inches, total length or width 


All bloeks one-half inch thick. 


alent area or radius. All of them were given several coats of 
bright yellow enamel paint with a glossy finish. The forms 
represented definite increases in ‘‘difference’”’ of optical image, 
i.e., degree and number of ‘‘angle” cues. The blocks were kept 
continuously sterilized by means of 0.1 per cent HgCh. As a 
means of reinforcing the manipulative motivation by additional 
gustatory motivation, the blocks were immersed in a strong 
saccharine solution and dried before each experimental sitting 
(see Table 1). 

d. A time recording apparatus, consisting principally of two 
electrically operated pens. One of these pens was attached to an 
electric metronome which beat every half-second. The other 
was connected with a key by means of which the various data 
could be accurately recorded. <A stop watch was simultaneously 
used to double check all time records (see Fig. 1). 
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II. Method of Procedure 


a. Preliminary Procedure 


Prior to admission to the genetic psychology laboratory, the 
subject was given a very thorough pediatric examination and 
a Gesell (17, 18, 19) test. The latter was repeated every month 
during the experiment. Specific socio-economic and general 
hereditary background were as carefully ascertained as possible, 
through home visits and case history records. 


b. Experimental Procedure 


This part of the experiment consisted of five series. In Series 
I (‘Forward Learning’’) the subject was seated in the experi- 
mental crib in front of the experimental board described above. 
After an adequate period of general adaptation, usually un- 
expectedly brief, a signal was given by the experimenter, 
whereupon the assistant started the time recording apparatus 
and swung back the screen at the same time, thus exposing to 
the subject two bright yellow blocks, a circle and a cross (or an 
oval). At the time of the presentation both blocks were in 
position on the experimental board over the second and fourth 
of the five above-described round holes. The circle (positive 
stimulus) was not fastened to the board, while the cross, or the 
oval (negative stimulus) was; therefore the subject was unable 
to pick up the latter, whereas the former would yield to his 
grasp and would taste sweet if put into his mouth. Careful 
qualitative and quantitative records were kept concerning visual 
regard, selection (i.e., the block reached for), reaction time, 
handedness and the affective attitude (including vocalization) 
accompanying the reaction. As soon as the subject succeeded 
in picking up or at least definitely dislodging the positive stimulus 
(circle), the screen was swung forward to its original position 
and the trial was considered completed. During the succeeding 
trials the relative position of the blocks was varied in a pre- 
arranged random order so that the subject might not get a cue 
from the positional factor to aid him in the discrimination. 
Care was also taken to see that there was no difference in time 
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between the trials in which the series called for a change in the 
position of the stimuli and the trials in which the stimuli remained 
in the same position. Eight correct choices out of ten successive 
trials were arbitrarily set up as the standard for the perfect 
discrimination performance. 

Due to the very young age levels of the subjects, no attempt 
was made to limit the number of trials carried out during each 
sitting. The infant was allowed to continue in his experiment 
as long as his interest held. Each child was brought to the 
laboratory three times a week at regular intervals. 

When the subject had succeeded in meeting the standard for 
perfect discrimination, the cross, or the oval (negative stimulus) 
was replaced by a triangle, or a square, and the experiment 
repeated. This was continued until the subject had learned to 
choose the circle as against the cross, triangle, square and oval. 
This completed the Series I Experiment. | 

The same general procedure for Series I was used in the next 
three series of experiments. Each contained, however, a specific 
modification, designed to test a specific phase of the general 
problem. In Series II (‘Change in Spatial Orientation of Nega- 
tive Stimuli’) all the negative blocks were turned a certain 
number of degrees to the right prior to the presentation (cross 
and square, 45°; oval, 90°; and triangle, 180°). This was to 
determine whether or not the subject used absolute spatial 
orientation as a cue. In Series III (‘Change in Relative Size’’) 
the relative size of both the positive and negative stimuli was 
varied in order to see if size might play a critical part in the form 
discrimination of a human infant. In-Series IV (“Increase in 
Number’’) the number of blocks presented simultaneously was 
increased from two to three, to four, and finally to five. In this 
last series, for the three-block situation, the standard for perfect 
discrimination performance was seven correct choices out of ten 
successive trials; for the four-block situation, six out of ten; and 
for the five-block situation, five out of ten. This was done to 
offset partially a disproportionate increase in the difficulty of the 
discrimination brought about by the arithmetical increase in the 
number of the blocks simultaneously presented. This fourth 
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series was to determine whether or not increase in the number 
of stimuli (i.e., complexity of the total visual pattern, or ‘‘field 
organization’’) rendered the task of discrimination more difficult 
for the child; or, in terms of Gestalt theory, whether this new 
pattern, altered in “Komplexqualitéten and Ganzqualitaten”’ 
and, therefore, in ‘‘Gestaltqualitaten,”’ will significantly alter 
the discrimination reaction and, therefore, the learning of the 
infant. In all these last three series a brief review of what the 
subject had learned in Series I preceded the experiment proper.? 
This was done not only to check the permanency of the subject’s 
habits, as established in Series I, but also to make certain that 
in case of failure, it was not due to the fact that he had forgotten 
his original learning, but rather that he had been relying heavily 
on some particular spatial cue or combination of cues. 

In Series V (‘Learning in Reversed Order’’) the procedure 
was the same as in the previous series except in one respect, 
1.e., the preceding experimental condition was reversed so that 
now the circle became the negative stimulus and each of the 
other forms a positive stimulus. This was done (1) to study the 
qualitative and quantitative aspects of readjustment, inhibition, 
ete. as conceived by the Conditioned Reflex School; and (2) 
to find evidence for or against “abstraction” at this age level in 
the sense of ‘‘insight’’ into the transfer of functional relatzonship 
between two geometric forms. 

As soon as the subject had learned a given form combination 
in Series V, the positive stimulus (cross, triangle, square, or 
oval) was turned a certain number of degrees to the right (cross 
and square, 45°; oval, 90°; and triangle, 180°). This section of 
the experiment, known as Series V Modified, was designed to 
determine whether or not change in the spatial orientation of 
the positive form (cf. Series II on page 10) would affect the dis- 
crimination performance of the subject. Opinion of this factor 
is about equally divided, between those who believe that young 

3 In all the review experiments (known as Series II Standard, Series III Stand- 
ard, and Series IV Standard) the criterion for perfect discrimination performance 
was either four correct choices out of five successive trials—if the subject fulfilled 


the requirement during the first five trials—or eight out of ten. This alternative 
was introduced to shorten the review sections of the experiment. 
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children excel adults in perceiving form per se as an ‘“‘absolute,”’ 
and those who assert that because of the ‘diffuse wholeness’’ 
of early spatial experience even a slight change in orientation 
will confuse or inhibit correct discrimination. 

This section of the experiment had, as criterion for success, 
either four correct choices out of five successive trials—if the 
subject fulfilled the requirement during the first five trials—or 
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Fig. 2 


eight out of ten. This alternative was introduced to prevent the 
unnecessary prolongation of Series V for those subjects who gave 
convincing proof of being unaffected by the change in the spatial 
orientation of the positive stimulus (see Fig. 2). 


ITT. Subjects 


Over fifty infants, ranging in age from six to twelve months, 
selected at random from high, medium and low socio-economic 
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status, and including both the white and negro races, participated 
in the study, which lasted fourteen months. Of these, twenty- 
six infants gave quantitatively complete (i.e., longitudinal) data. 
With the exception of Case F, who was, as shown by a sequence 
of Gesell (17, 18, 19) tests, definitely immature both posturally 
and manipulatively, all the subjects were normal or supernormal 
children both in their mental and physical development. Case F 
was continued in order to suggest such specific behavior deviations 
as might later be used in setting up a similar experiment for 
immature and retarded infants. 

For the purpose of comparing the relative difficulty of the four 
different stimulus patterns in each series from the standpoint of 
form discrimination, the twenty-six subjects were evenly divided 
into two subgroups. Subgroup I learned to discriminate forms 
in an ascending order of difficulty; i.e., from the most dissimilar 
in geometric contour, as circle versus cross, to the most similar, as 
circle versus oval. Subgroup II learned in a descending, or 
opposite, order of difficulty. 

Ten infants in Subgroup I and eight in Subgroup II completed 
the entire study. These are referred to as the Regular Experi- 
mental Cases. The rest of the twenty-six subjects—three 
in Subgroup I and five in Subgroup II—learned only certain 
portions of the experiment. They are called the Irregular 
Experimental Cases. , 


IV. Results 


Altogether 14,652 trials were carried out with the twenty-six 
Regular and Irregular Experimental Cases. These data were 
analyzed, both qualitatively and quantitatively, first on the basis 
of achievement, then on the basis of development. The former 
analysis was further divided into six subheadings: (1) Number 
of Trials, (2) Percentage of Success, (3) Reaction Time, (4) 
Oral Behavior, (5) Vocalization, and (6) Affective Concomitant. 
The latter analysis consisted of: (1) Number of Form Combina- 
tions, (2) Number of Trials, (3) Percentage of Success, (4) Re- 
action Time, (5) Oral Behavior, (6) Vocalization, (7) Affective 
Concomitant, (8) Visual Regard, and (9) Manipulation. 
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a. Analysis on the Basis of Achievement 
1. Number of Trials 


Data analyzed in terms of the total number of trials required 
by each subject in both subgroups of the Regular Experimental 
Group in the learning of (1) Series I-V inclusive, (2) each series, 
and (3) each form show the very marked individual differences 
among the members of the same subgroup in their ability to meet 
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the requirements of the experiment, as against the relatively 
small differences in the same ability between Subgroups I and II 
as a whole. Their ability is measured by the differences in size 
between the (1) averages, (2) medians, and (3) mean deviations 
of the respective groups (see Fig. 3). 

Results on the average number of trails required by Subgroups 
I and II respectively of the Combined Regular and Irregular 
Experimental Groups in the learning of each of the 
five experimental series (see Fig. 4) show that: 
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a) Subgroup II learned Series I in appreciably fewer trials 
than Subgroup I (124.10 trials for Subgroup II and 147.08 
trials for Subgroup I). However, careful examination of the 
scores obtained by each individual subject in the two groups 
in the learning of each form constituting Series I revealed the 
fact that the total number of trials required by Cases F and J 
respectively of Subgroup I in the learning of Form 1 are unusually 
large and deviate very significantly from the norm for the group. 
Since no such deviations appear in the scores of the two subjects 
for any other form, it seems highly probable that the abnormally 
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high scores in this case are due to some other reasons, such as 
unusually slow initial adjustment to the general experimental 
situation, than that directly connected with the form discrimina- 
tion and the learning ability of the subjects. Consequently it 
seems justified, in comparing various types of results of the two 
subgroups, to exclude the scores of Cases F and J from the means 
of Subgroup I. When this was done in the present case, the 
scores for the two subgroups were not far apart. The difference 
was only 1.08 trials fewer with Subgroup I. | 

b) In Series IIS, IIIS, and IVS (the three review experiments 
in which Series I was relearned) Subgroup I showed consistent 
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superiority over Subgroup II. It is also interesting to note here 
that the difference between the two subgroups in the number of 
trials required to learn a given series decreases consistently in 
size as one goes from Series IIS to IIIS and then to IVS. (The 
differences are 46.02 trials for Series IIS, 20.27 trials for Series 
IIIS, and 4.70 trials for Series IVS.) 

c) In Series IIM, IJIM, and IVM (‘Change in Spatial Orienta- 
tion of Negative Stimuli,” ‘“‘Change in Relative Size,” and ‘‘In- 
crease in Number’’) Subgroup I again showed superiority over 
Subgroup II. Furthermore, the difference between the two 
subgroups again diminishes consistently (from 18.0 to 3.8 trials) 
as one goes from IIM to IJIM and then to IVM. This implies 
that in spite of the exactly opposite order of presenting the 
geometric combinations, some common general factor in the 
experience begins to operate very early and very permanently. 
At the same time, however, these reduced group differences 
remain internally consistent enough to indicate that the specific 
factor, order of presentation (sequence), does affect the scores in 
discrimination performance. 

d) Series VS (“‘Learning in Reversed Order”) is a very con- 
spicuous example of this latter effect. In this series Subgroup 
II showed a decided superiority over Subgroup I (difference, 
12.47 trials). However, this difference is reduced to a minimum 
(0.23 trials) in Series VM (‘‘Change in Spatial Orientation of 
Positive Stimuli’), implying at once that of the two factors in 
discrimination, change of functional relationship, as such, seems 
much more critical than change of orientation, as such. 

e) Turning now from dissimilarities to similarities between the 
parallel data for the two groups, it is significant that the initial 
scores are conspicuously high for both Subgroups I and II (147.08 
and 124.10 trials respectively). This is obviously the result of 
general adjustment to the whole experimental situation. From 
there on, the scores fall steadily in spite of the various types of 
specific changes and all the possibilities of confusion introduced 
in Series IIM and IIIM. In Series IVM (‘‘Increase in Number’’) 
the scores remain low; however, as there were here only three 
form combinations as against four in IIM and IIIM, the situa- 
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tions in these three series were not strictly comparable. Had 
there been also four form combinations in Series IVM, the scores 
would undoubtedly have risen to some extent at this point. 
Then the proportionate lowering of the standard of success for 
this series (see page 10) in an attempt to offset partially a dis- 
proportionate increase in the difficulty of the discrimination 
brought about by the arithmetical increase in the number of 
blocks simultaneously presented may have contributed also. 

At VS both scores rise abruptly and significantly (from 39.80 
to 88.10 trials for Subgroup I and 44.50 to 75.63 trials for sub- 
group II). This seems plainly due to the very drastic change in 
the experimental task at this point (exchanged functional rela- 
tionship between positive and negative figures). The scores 
drop to a new low at VM (82.90 trials for Subgroup I and 33.13 
trials for Subgroup II), showing that the subjects were undis- 
turbed by the change in the spatial orientation of the positive 
stimulus in this last series. 

Results on the total and average number of trials required by 
Subgroups I and II respectively of the Combined Regular and 
Irregular Experimental Groups in the learning of each form in 
Series I-V (see Table 2‘) and also results on the average number 
of trials for each form group required by Subgroups I and II 
respectively of the Combined Regular and Irregular Experimental 
Groups in the learning of Series I-V (see Table 3) show that: 

a) Both groups of subjects spent the largest number of trials 
in learning the first form combinations presented to them (Sub- 


4 Case F learned Series I, Form 1 technically in 228 trials, i.e., met the standard 
for perfect discrimination performance on the 228th trial. However, his total 
behavioral pattern during the last ten trials was such that the experimenter was 
in doubt as to the reliability of the score; therefore five more trials were given as 
a check, and the percentage of success obtained during these trials was sixty, 
twenty below the criterion for successful learning. As a consequence, the same 
experiment was continued until the subject had carried out altogether 320 trials 
on Series I, Form 1, before he gave convincing proof of having mastered the form. 
In the quantitative analysis of the results, in order to render the scores from Case 
F in the form in question technically comparable to those from other cases, they 
were presented both with and without the inclusion of the ninety-two extra trials 
(320 — 228 = 92). This was done in this table as well as in the other tables in 
which Case F’s data on Series I, Form 1 were included. 
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TABLE 2 
Total and average number of trials required by Subgroups I and II respectively of 
the combined regular and irregular experimental groups in the 
learning of each form in Series I-V 


SUBGROUPS I SUBGROUPS II 
EXPER. NO. STIMULUS PATTERN i ee Se ee 
Total Average Total Average 
785 60.38+ 222 22.20 
Ii |  Cirele-Cross (877) (67.46+) 
442* 40.18+* 
I2 Circle-Triangle 308 29 .838+ 235 21.36+ 
13 Circle-Square 223 18.58+ 395 32..92— 
14 Circle-Oval 413 34.42— 583 44 .85— 
II1is ||  Circle-Cross 319 26.58+ | 156 | 17.33+ 
Il1m Circle-Cross 175 14.58+ 102 11.33+ 
II2s Circle-Triangle 161 13 .42— 219 24 .33+ 
112m Circle-Triangle 165 13.75 143 15 .89— 
II8s Circle-Square 121 11.00 298 33.11+ 
II3m Circle-Square 138 12.55— 196 21.78— 
II4s Circle-Oval 312 28 .36-+ 480 53.33-+ 
Il4m Circle-Oval 162 16.20 247 27.44+ 
IIIls Circle-Cross 152 15.20 144 16.00 
III1m Circle-Cross 145 14.50 126 14.00 
III2s Circle-Triangle 80 8.00 89 9.89— 
III2m Circle-Triangle 124 12.40 140 15 .56— 
III3s Circle-Square 107 10.70 134 14.89— 
IIlI3m Circle-Square 144 14.40 152 16.89— 
III4s Circle-Oval 135 13.50 242 =| 26.89— 
IlI4m Circle-Oval 137 13.70 176 19.56— 
IVasl Circle-Cross 144 14.40 116 14.50 
IVas2 Circle-Triangle 93 9.30 89 11.13-— 
IVam Three-Block Situation 178 17.80 107 13.38— 
IVbs3 Circle-Square 62 6.20 74 9.25 
IVbm Four-Block Situation 104 10.40 158 19.75 
IVes4 Circle-Oval 99 9.90 ve 9.63— 
IVem Five-Block Situation 154 15.40 114 14.25 
Vis Cross-Circle 322 32.20 102 12.75 
Vim Cross-Circle 88 8.80 57 7.13— 
V2s Triangle-Circle 162 16.20 93 11.63— 
V2m Triangle-Circle 87 8.70 76 9.50 
V3s Square-Circle 249 24.90 111 13.88— 
V3m Square-Circle 86 8.60 58 7.25 
V4s Oval-Circle 148 14.80 299 37 .38— 
V4m Oval-Circle 68 6.80 74 9.25 


The figures within the parentheses are obtained by including 92 doubtful trials 
of Case F. 

* These figures are obtained by excluding the results of Cases F and J in Series 
f. Form 1. 
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group I, circle-cross combination; Subgroup II, circle-oval 
combination). Then for Subgroup II the number of trials 
required for the learning of each of the other three form combina- 
tions became increasingly smaller in the direct order in which 
these combinations were exposed. ‘The same was true for Sub- 
group I until it came to the circle-oval combination. The 
number of trials here immedicately rose from 73.43 to 116.08 
(see Table 3). At least two explanations are possible for this 


TABLE 3 
Average number of trials for each form group required by Subgroups I and II 
respectively of the combined regular and irregular experimental 
groups in the learning of Series I-V 


CIRCLE-CROSS CIRCLE-TRIANGLE | CIRCLE-SQUARE CIRCLE-OVAL 
GROUP GROUP GROUP GROUP 
SUBJECTS ea ic fae ee ee | en ee 
Ii, I[1s, 111m, J2, 112s, 112m, 13, 118s, 118m, 14, I14s, 114m, 
Iifis, I1fim, III2s, I112m, III8s, 1113m, III4s, I1[4m, 
IVasl TVas2 IVbs3 IVes4 
145 .64 86.70 73.43 116.08 
125 .44* 
Subgroup I 152.72+ 
(1) (3) (4) (2) 
SOrroo nil 95 .36 98.16 128.84 181.70 
(4) (3) (2) (1) 


The figures within the parentheses indicate the rank order (descending) of 
the figures directly above. 

* These figures are obtained by excluding the results of Case F and Case J in I1. 

+ These figures are obtained by including the 92 doubtful trials of Case F. 


discrepancy. The first is as follows: Subgroup II was presented, 
at the outset, with the two forms (circle and oval) which were 
the most geometrically similar of those used in the present study; 
therefore the subjects were forced to notice rather fine differences 
from the start (training of finer attention processes). As the 
experiment progressed, this initial training carried over marked 
“trace” effects, and thus, fewer and fewer trials were necessary 
to discriminate between each successive combination of forms. 
Subgroup I, on the other hand, started out with a circle and a 
cross which were very different in geometrical contour. This 
was indeed a much more gross geometric difference than that 
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between a circle and an oval; therefore the subjects were not 
forced to notice fine differences until they came to the circle-oval 
combination. ‘There they were confronted with an apparently 
more difficult situation than that for which their previous com- 
binations had prepared them, so the requisite number of trials 
went up considerably at this specific point, making Series I, Form 
4 uniquely though not insurmountably difficult for the subjects 
of Subgroup I. If the above interpretation is correct, then we 
might infer that the circle-oval combination is perceptually or 
“behaviorally” [Koffka (37)| more difficult to discriminate than 
the other form combinations, an opinion which will be later 
reénforced by analysis of the results on reaction time. When 
it comes to each of the other form combinations, the available 
data do not seem to indicate any such clear-cut difference in 
relative difficulty. 

A second possible explanation is as follows: Subgroup II, 
deprived of using sharp angle cues in its first learning, did not 
primarily rely on these in the subsequent form combinations 
where they appeared. The behavior of Subgroup I, on the other 
hand, implies that the sudden disappearance of these angular 
cues as such in the last form combination to be learned was a 
profoundly disturbing factor. [Hanfmann (27) stresses the use 
of a “‘symbolic” angle as the critical cue in geometric form per- 
ception, and states that this occurs only with younger children. ] 

b) Variations in the relative size of the forms did not affect 
detrimentally the discrimination performance of either group 
of subjects; nor did the pronounced orientation change in the 
optical image (e. g., O—-) of a major unit in the total pattern 
affect this total organization to the detriment of internal discrim- 
ination (see Table 2). From these data it seems very clear that 
neither spatial orientation of a unit as such nor size as such is the 
primary cue in any of the many learning series of this experiment, 
as reflected in the achievement scores. In other words, it seems 
that even at these very early age levels, there is a “form-con- 
stancy” which is of a very elementary perceptual nature. How- 
ever, as will be seen later, such qualitative aspects of achievement 
as reaction time, etc., show clearly some influence from changes 
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in the spatial orientation or size of a major unit in the total 
stimulus pattern. 

c) Increase in the number of blocks presented simultaneously 
caused an increase in the total number of trials required for the 
learning of these ‘‘synthetic’’ patterns [Krasnogorski (39)]. 
However, the amount of increase was not directly proportional 
to the increase in the number of blocks (see Table 2). Further- 
more, it was appreciable but not marked, thus indicating that 
increased complexity of pattern by numerical addition rendered 
the task of form discrimination more difficult, but not impossible, 
for the subjects of either group [cf. Gottschaldt (22)]. In other 
words, the infants’ discrimination, while somewhat affected, was 
never completely masked by any combination or ‘‘synthesis’’ of 
units in these given patterns. This implies that neither (1) 
configuration complexity in terms of multiple separate units, nor 
(2) possible “‘geographical”’ synthesis [Wertheimer (63)], nor (3) 
synthesis through “‘trace’’ or familiar factors [Hanawalt (26)] 
of certain forms within the total pattern appears completely to 
mask the discrimination of form per se as evidenced in achieve- 
ment scores. On the other hand, regardless of interpretation, 
a multiple geometric pattern (viz., five units) is much more 
difficult than a simple geometric pattern (viz., two units) at this 
age level. 

d) The results of the Series V, Form 1, Standard experiment 
show that the subjects of both groups were at first profoundly 
disturbed when the positive stimulus was abruptly made negative 
and one of the negative stimuli positive for the first time (see 
Table 2). The total number of trials required for learning this 
reversed functional relationship increased from an average of 
14.40 to 32.20 for Subgroup I and from 9.63-— to 37.38— for Sub- 
group II. However these marked disturbances lasted a sur- 
prisingly brief period and affected only the scores for the first 
form combination of Series V (Subgroup I, cross-circle combina- 
tion; Subgroup II, oval-circle combination). After a period of 
marked confusion, both perceptual and emotional, both groups 
soon detected the change in relationship and were able at once 
to readjust themselves successfully to the new situation. This 
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is shown by the abrupt return to normal size of the numbers of 
trials required for the learning of all other form combinations in 
Series V. Qualitatively, the results of Series V seem to show 
(1) a degree of plasticity in readjustment (reconditioning) un- 
expected at this “primitive” age level [Krasnogorski (39)], 
(2) a primitive form of “insight” [Kohler (38), Koffka (36)], and 
(3) evidence of ‘‘abstracting’”’ a relationship to the extent of 
inhibiting future use of a thoroughly established motor habit. 


2. Percentage of Success 


Percentage of success is obtained by dividing the number of correct 
trials by the total number of trials. 


Data on the percentage of success obtained by each subject in 
both subgroups of the Regular Experimental Group in the 
learning of Series I—V inclusive show that: 

a) The difference between the grand percentage of success for 
Subgroup I (64.24—%) and that for Subgroup II (64.83 —%) 
is very insignificant (0.59%). 

b) The individual differences among the members of the same 
subgroup in the learning of Series I-V are appreciable but not. 
marked. 

When the same data were analyzed in terms of the percentage 
of success obtained by each subject in the learning of (1) each 
series and (2) each form, the individual differences became much 
more marked. 

When the individual scores in percentage of success obtained 
in the learning of Series I-V were correlated with those in total 
number of trials obtained in the learning of the same five series, 
a negative coefficient of 0.89 -+.033 was obtained. It is interest- 
ing to note, in this connection, that cases with very high or very 
low percentages of success have, as a rule, very small or very 
large total numbers of trials, respectively; the two types of 
scores bear a very significant negative relationship for the same 
individual. Cases whose percentage of success scores fall some- 
where in the median range generally have medium scores in 
total number of trials, but those scores do not bear such a clear-cut 
negative correlation. 
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Quantitative results on the average percentages of success 
obtained by Subgroups I and II respectively of the Combined 
Regular and Irregular Experimental Groups in the learning of 
each series from Series I-V show that Subgroup I exceeded Sub- 
group II in Series IIS (5.26%), IIM (7.98% and IIIM (5.68%), 
while Subgroup II showed superiority over Subgroup I in Series 
IVM (2.99%), VS (1.84%) and VM (4.338%). In series IIIS 
and IVS the two groups were practically equal. In series I 
when the score for Subgroup I was left uncorrected by including 

the data from Cases F and J on Form 1, Subgroup II obtained a 
_ higher percentage of success than Subgroup I; but after the same 
data were excluded, the two groups were only 0.83 apart in their 
- respective percentages of success for Series I. 

Turning now from differences to similarities between the two 
sets of parallel scores in percentage of success for the two sub- 
groups, it is significant that their general distribution in size 
confirms the points brought forth on pages 16-17 with one 
exception: the very abrupt drop at IVM as against the very slight 
rise for the total number of trials. This marked fall in the former 
case is obviously attributable to the interplay of two divergent 
factors discussed earlier: increase in the difficulty of the task 
(numerical complexity of the stimulus pattern) and a propor- 
tionate lowering of the standard for perfect discrimination 
(see page 10). 

Data on the average percentages of success obtained by 
Subgroups I and II respectively of the Combined Regular and 
Irregular Experimental Groups in the learning of each form in 
Series I-V and also data on the average pereentages of success 
for each form group obtained by Subgroups I and II respectively 
of the Combined Regular and Irregular Experimental Groups 
in the learning of Series I-V confirm, on the whole, the results 
shown in Tables 2 and 3 (see pages 18 and 19). 


3. Reaction Time 
Average reaction time per trial is obtained by dividing total reaction 
time by total number of trials. 


Data on the total reaction time required by each subject in 
both subgroups of the Regular Experimental Group in the 
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learning of (1) Series I—V inclusive, (2) each series, and (3) each 
form within each of the series show: 

a) Marked individual differences among the members of the 
same subgroup in the total amount of reaction time required 
to learn Series I-V. 

b) A decided difference between the two subgroups in the total 
reaction time as shown by (1) averages, (2) medians, and (3) 
mean deviations of the respective groups (see Fig. 5). 
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When the individual scores in total reaction time were corre- 
lated with those in total number of trials, a positive coefficient 
of only 0.25+.15 was obtained. This was to be expected, be- 
cause even though there were a number of subjects who were 
both fast and efficient learners, or both slow and inefficient 
learners, there were also many others who were either slow but 
thorough, or fast but superficial, in their learning. 

Results on the average reaction time for each series required by 
Subgroups I and II respectively of the Combined Regular and 
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Irregular Experimental Groups in the learning of Series I-V 
(see Fig. 6) show that: 

a) Subgroup II spent decidedly much more time than Sub- 
group I in learning its initial series. This is true before and 
after the score for the latter group was corrected by excluding 
the data from Cases F and J on Series I, Form 1. However, 
after the initial series, this difference between the two groups 
decreased steadily through IIS, ITM, IIIS, IIIM and IVS. It 
increased abruptly at IVM. At VS, the two groups exchanged 
places in the relative size of their scores, and for the first and only 
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time during the entire Series I-V, Subgroup II spent less time 
than Subgroup I in the learning of an experimental series. At 
VM the two groups again exchanged places, and Subgroup I 
spent less time than Subgroup II in learning the series. How- 
ever, this last difference was relatively insignificant (374.98 sec. 
v.s. 405.63 sec.). 

b) Turning now from dissimilarities to similarities between the 
two sets of parallel scores for the two subgroups, it is significant 
that they both start very high, i.e., with a very large total re- 
action time. This is obviously another indication of a general 
initial adjustment to the total experimental situation. The 
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scores fall steadily through IIS, IIM and IIIS, in spite of all 
changes in pattern, viz., the spatial orientation of the negative 
blocks at IIM. Both sets of scores rise slightly and similarly 
at IIIM, fall at IVS, rise again in different magnitudes at IVM 
(see pages 16-17; the same statistical considerations hold here), 
and VS, and fall significantly at VM. The different rises at 
IIIM, IVM and VS are probably due to different degrees of 
effectiveness of change in relative size, of increase in the number 
of units, and of interchange of functional relationship (cf. pages 
16-17). 

Data on the average reaction time per trial required by Subgroups 
I and II respectively of the Combined Regular and Irregular 
Experimental Groups in the learning of each series from Series 
I—-V show essentially the same general characteristics as described 
above under a) and b) on pages 25-26 with two exceptions: 

a) There is a slight rise in parallel scores for both subgroups at 
IIM, showing that both groups of subjects were somewhat, 
though very little, disturbed by change in the spatial orientation 
of the negative stimuli. 

b) The score for Subgroup II decreases rather than increases 
at VS. The only possible inference for this unexpected result 
is somehow the initial training of Subgroup II on the basis of 
very fine form differences (cf. pages 19-20). 

Data on the total and average reaction time required by 
Subgroups I and II respectively of the Combined Regular and 
Irregular Experimental Groups in the learning of each form in 
Series I-V and also data on the average reaction time for each 
form group required by Subgroups I and II respectively of the 
Combined Regular and Irregular Experimental Groups in the 
learning of Series I-V confirm the four points (see pages 17 and 
19-22) shown in Tables 2 and 3 (see pages 18 and 19) with one 
notable exception: change in the relative size of the stimuli did, 
on the whole, raise the scores (from 2.31 to 147.55 sec.) in the 
average reaction time required by both subgroups in the learning 
of each form combination in Series III. One possible explanation 
for this would be that even though such a change did not affect 
detrimentally the discrimination performance of either group of 
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subjects, it increased the manipulative difficulty of the positive 
stimulus for the smaller infants (A number of cases were recorded 
in which the subjects experienced much difficulty in grasping and 
securing the large circle.), thereby increasing the reaction time 
for the learning of a given form combination. 


4. Oral Behavior 


By oral behavior is meant all the activities, exclusive of vocaliza- 
tion, of the mouth with reference to the stimulus blocks. The 
significance of oral behavior is widely emphasized by genetic psy- 
chologists on the basis of three general hypotheses: 

1. Stern (55), Révész (45) and others include it as a genetically 
elementary form of tactual manipulation in_which the sensitive 
tactual reactions of the lips and mouth at first combine with, and 
are only very gradually superseded by, those of the hands and 
fingers. This universally long period of ‘‘mouthing” objects in in- 
fancy is thus interpreted as a form of tactual space experience rather 
than purely gustatory or a “sensitive zone’’ satisfaction (in the 
Freudian sense). 

2. Oral activity is also widely regarded as a diagnostic overflow — 
phase of behavior of two types: (a) chronic nervousness of a general 
constitutional type, (b) nervousness normally produced by and in 
proportion to the difficulties within a problem task, especially where 
fine discrimination may tax perceptual equipment. 

3. It is also widely regarded as being universal evidence of the 
mass-activity pattern of normal behavior characteristic of early 
infancy [Irwin (29)]. 


Data on the percentage of trials in which oral behavior was 
exhibited by each subject in Subgroups I and II of the Regular 
Experimental Group in the learning of Series I-V show that: 

a) Individual differences among the members of the same sub- 
group in the amount of oral behavior exhibited during the learning 
of Series I-V are very marked. 

b) Group differences, while present, are relatively small. This 
is shown by the small differences in the (1) means, and (2) medians 
of the two subgroups. 

c) About 71 per cent of the subjects of the Regular Experi- 
mental Group exhibited both “regular”. oral behavior (By 
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“regular” oral behavior is meant that form of oral behavior in 
which the stimulus block is actually in contact with the subject’s 
mouth.) and ‘‘special”’ oral behavior. (By “‘special’’ oral behavior 
is meant that form of concomitant oral behavior in which the 
stimulus block is not in actual contact with the subject’s mouth.) 
Close observation of the total behavior pattern of this 71 per cent 
throughout the entire experimental period suggests that this 
latter type of oral behavior occurred particularly in those infants 
who were more variable, labile, plastic and versatile in their 
activities than their companions who exhibited little or no 
‘special’? oral behavior. However, the amount of ‘“‘special’’ 
oral behavior present in a given subject was not correlated, either 
positively or negatively, with the degree of success in his dis- 
crimination performance. The amount of ‘“‘regular’’ oral be- 
havior, however, bore an appreciably high positive correlation 
with the degree of success in his discrimination task. While 
the exact coefficient of correlation has not been finally computed, 
it may be estimated as somewhat above 0.60. This seems offhand 
to confirm the interpretation of ‘“‘mouthing”’ [Stern (55), Volkelt 
(60), Révész (45)] as a tactual experience of some importance in 
the development of spatial qualities (see page 35). In any event, 
it seems to illustrate the results of enhancing motivation through 
a gustatory reward. 

When the individual scores in oral behavior (“regular’” + 
‘“‘special’’) were correlated with those in total number of trials, a 
negative coefficient of 0.64+.094 was obtained. One might 
attribute this rather high degree of correlation between the two 
apparently distantly related phenomena in question to the 
combined result of two important factors discussed above: 
(1) the maintenance or even enhancement of initial motivating 
factors toward the positive stimulus through additional gustatory 
reward, (2) the addition of a second tactual aid in perceptual 
discrimination of contour. 

Data on the average percentages of trials in which oral be- 
havior was exhibited by Subgroups I and II respectively of the 
Combined Regular and Irregular Experimental Groups in the 
learning of each series from Series I-V show the distribution of 
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oral behavior in this part of the experiment. One possible 
interpretation of these scores, based on the assumed use of oral 
activity as a tactual auxiliary cue in infants’ form discrimination, 
and the ability of these infants as measured by their scores in 
the total number of trials, percentage of success and reaction 
time, is as follows: 

The relatively high initial incidence of oral behavior in Sub- 
group II is apparently again related to the greater difficulty of 
the initial task; therefore the total behavior pattern was more 
complex, as evidenced in oral behavior, reaction time, ete. The 
subjects in Subgroup I, on the other hand, began with a less 
difficult task and their initial responses were therefore qualita- 
tively less complex or “‘diffuse’’ with less incidental mouthing 
as a motor “irradiation,” and consequently less likelihood of 
forming a mouthing habit. 

From Series I on to Series IVM both groups of subjects ap- 
parently found their tasks to be of medium difficulty. Here 
the complexity of the total behavior pattern, including oral 
activity, diminished. 

In Series VS Subgroup I apparently found the change in the 
functional relationship between the positive and negative stimuli 
very upsetting, and in this series there is a striking increase in 
the incidence of oral behavior. Subgroup IJ, on the other hand, 
was not so greatly disturbed by the change, and its oral behavior 
increment was not so marked. 

In Series VM, where both groups proved easily adjustable to 
the change in the spatial orientation of the positive blocks, the 
incidence of oral behavior markedly decreases. 

Data on the average numbers and percentages of trials in which 
oral behavior was exhibited by Subgroups I and II respectively 
of the Combined Regular and Irregular Experimental Groups 
in the learning of each form in Series I—-V corroborate the state- 
ments just made (see pages 28-29). Thus, whatever be the 
significance or interpretation of this form of behavior, it is a 
dynamic concomitant clearly related in infancy to the difficulty 
of a given task. 
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5. Vocalization 


As with the general type of oral activity discussed earlier, vocaliza- 
tion is likewise widely regarded by genetic psychologists as an im- 
portant diagnostic clue to behavior processes. For example, Gesell 
(17, 18, 19) and Biihler (4) include it as an item in their develop- 
mental tests. Fajans (11, 12) makes it one of her main criteria in 
analyzing distance as a spatial “‘vector’’ in infant reactions to a 
specific goal. Gellermann (15, 16) goes still further in regarding it 
as a specific azd in form discrimination. All observers agree that 
it is at least an important clue to the emotional character of the 
situation. 


Data on the percentage of trials in which vocalization occurred 
with each subject in the two subgroups of the Regular Experi- 
mental Group in the learning of Series I-V show that: 

a) Individual differences among the members of the same 
subgroup during the learning of Series I-V are marked. 

b) Group differences are relatively insignificant. 

c) Among the three types of vocalization expressions of 
pleasantness greatly predominate except in Cases K and R. 
Expressions of unpleasantness are second in order of frequency 
in 56 per cent of the cases, third in 33 per cent of the cases, and 
first in Cases K and R. Communicative vocalization (Communi- 
cative vocalization is that type which clearly conveys some 
spatially directed meaning; such. as, an attempt to communicate 
with someone or something, the sounds accompanying a search 
for the block after it has slipped out of the subject’s grasp or has 
disappeared from sight, etc.) is the least frequent in eleven, and 
second in seven of the total eighteen subjects. 

When the individual scores in vocalization were correlated with 
those in total number of trials, a positive coefficient of correlation 
of 0.0058+.16 was obtained. This complete lack of correlation 
between the two types of behavior under consideration would 
seem to invalidate the very common use of vocalization increment 
as a reliable behavior criterion indicative of the ease or difficulty 
of a given perceptual pattern or learning task [ef. Fajans (11, 
12)|. However, that vocalization is intimately related to the 
general ‘‘dynamic”’ or affective phases of behavior remains 
unchallenged. 
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The complete experimental data on vocalization show that 
incidence and type of vocalization seems more indicative of the 
amount of interest and the state of adjustment to the different 
aspects of the general experimental situation than of the degree 
of learning success or the amount of difficulty in any specific 
discrimination “‘Aufgabe’”’ beyond parts of the experiment such 
as Series I and IIM and Form V\1s. 


6. Affective Concomitant. 


The term ‘affective concomitant”? seems self-explanatory both in 
meaning and importance. For convenience, data are quantitatively 
classified in five orders of decreasing pleasantness. 


Data on the percentages of trials in which different aspects of 
affective concomitant were observed in the subjects of the two 
subgroups of the Regular Experimental Group in the learning 
of Series I-V show that: 

a) Pleasantness is by far the most predominant (mean, 
89.56 —%). Neutral concomitant is second in order of frequency 
(mean, 10.79+%). Unpleasantness comes third with a mean of 
10.10—%. Very pleasant concomitant is fourth with a mean of 
9.65 —%, while very unpleasant concomitant is the least frequent 
of all (mean, 1.02—%). 

b) From the point of view of individual differences, pleasantness 
again heads the list with a range of 97.43+% to 70.03+%. 
The others, listed in order of diminishing range, are unpleasantness 
(27.94-% to 0.67+%), neutral concomitant (24.03+% to 
2.34+%), very pleasant concomitant (20.72 +% to 2.16+%), and 
very unpleasant concomitant (3.47 +% to 0%). 

c) From the standpoint of group differences, it is significant 
that pleasantness is the most frequent, and that very unpleasant 
concomitant 1s the least frequent for both of the subgroups. 
Unpleasantness comes second in order of decreasing frequency 
for Subgroup I and fourth for Subgroup II. Neutral concomitant 
is third for Subgroup I and second for Subgroup IJ, while very 
pleasant concomitant is fourth for Subgroup I and third for 
Subgroup II. 

The complete experimental data on affective concomitant show. 
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among other things, one important point; namely, the relative 
proportion of the five aspects of affective concomitant in a given 
subject seems more indicative of the amount of that individual’s 
interest in and the state of his adjustment to the different aspects 
of the general experimental situation than of the degree of his 
learning success or the amount of his difficulty in any specific 
discrimination ‘‘Aufgabe’’ beyond parts of the experiment such 
as Series I and IIM and Form Vls. This is indeed the very 
generalization reached in the case of vocalization. Such, however, 
is to be expected since vocalization is one of the primary indices 
of the affective state of the subject. 

In conclusion it may be said that both affective concomitant 
and vocalization, although so widely used [viz., Gottschaldt (22), 
Fajans (11, 12), etc.], are really somewhat unreliable objective 
criteria for the apparent difficulty of a given task and thesubject’s 
success in it. 


b. Analysis on the Basis of Development? 
1. Total Number of Form Combinations 


In spite of obvious individual differences in the total number of 
form combinations learned per experimental period during any 
given age level, there are certain general trends common to the 
subjects of the Regular and Irregular Experimental Groups. 
These trends are as follows: 

a) A general tendency in all groups for the number of form 
combinations learned per experimental period to increase steadily 
from the seventh to the eleventh or twelfth month. After this 
there was a definite plateau or even decrease. The improvement 
was probably due to the combined effect of maturation and 
learning, and the decline, to the loss of interest in the task which 
had now become too simple or too stereotyped. 

b) From the seventh to the eleventh month Subgroup I sur- 

5 This part of the analysis covers seven age levels—from the seventh to the 
thirteenth month of life. All the subjects in both the Regular and Irregular 
Experimental Groups completed the entire Series I-V experiment during or before 
the thirteenth month except Case A of Subgroup I who completed the experiment 


at the fifteenth month. Since she was the only one who did this, the analysis 
does not go beyond the thirteenth month. 
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passea Subgroup II in form combinations learned per experi- 
mental period, except for one insignificant exception at the eighth 
month level. At the eleventh month level, performance is re- 
versed, Subgroup II now excelling Subgroup I. This, again, 
seems clearly related to order of presentation, i.e., relative 
difficulty of discrimination task. 


2. Total Number of Trials 


The same tendencies—(1) marked individual differences, 
within (2) a steady group increase in trials per experimental 
period from the seventh to the eleventh or twelfth month, followed 
by a definite plateau or even decrease from then on—are found 
here, and probably have the same causes. The reversed relation- 
ship between Subgroups I and II, however, is not duplicated here. 


3. Percentage of Success 


a) Individual differences are again present; however, they are 
not so marked as in (1) total number of form combinations, or 
(2) total number of trials. 

b) There is again a general tendency in both subgroups for the 
scores to increase from the seventh month on. However, this 
increase is slight and irregular. 

c) There is no consistent or stable difference between the two 
subgroups in percentage of success through these age levels, but 
rather an irregular alternation with small statistical range (2 
to 9 per cent variation). 


4. Reaction Time 


a) Group DIFFERENCES. At each age level from the seventh 
to the thirteenth month, in both total reaction time per experi- 
mental period and average reaction time per trial, Subgroup I 
differed significantly from Subgroup II in two ways: 

1) The scores for Subgroup I show a short reaction time at 
first, an increase to the tenth month, and a fall to its minimum 
at the thirteenth month. 

One possible interpretation of these scores is that during the 
first days of the experiment the subjects of Subgroup I were too 
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young to maintain their interest in the task very long. As they 
grew older, they were able generally to prolong both their experi- 
mental period and their reaction time per trial, thus learning to 
discriminate with increasing accuracy more and more forms 
(see 1. a) on page 32). After the tenth month they had reached 
a stage in development in which they were able both to perceive 
and to perform so fast that there was no longer any need for them 
to spend much time on the ‘“‘Aufgabe’”’ during any one trial or to 
remain in the experimental crib for any great length of time. 
Furthermore, as the range of attention expanded, they became 
increasingly impatient with the task which had apparently 
become too simple or too confined. 

The scores for Subgroup II, on the other hand, show a long 
initial reaction time, a descent to the minimum at the tenth and 
eleventh months, and some minor rises at the twelfth and thir- 
teenth months. This is practically the opposite of Subgroup I’s 
reaction time. 

Since the two subgroups were carefully equated in both chron- 
ological and developmental ages, the longer reaction time for 
Subgroup II during the first months could not be interpreted as 
an indication of a higher degree of maturity on the part of the 
group; therefore initial sequence of difficulty of the task seems 
once more the only explanation. 

2) With the exception of the tenth month, reaction time for 
Subgroup II was consistently higher than that for Subgroup I. 
Aside from a possible difference in personality between the groups, 
the cause, again, seems to be the different order of pattern 
presentation. 

b) INDIVIDUAL DIFFERENCES. Both in total reaction time 
per experimental period and in average reaction time per trial 
individual differences among the members of the same group are 
very marked. 


5. Oral Behavior 


a) INDIVIDUAL DIFFERENCES. Individual differences in oral 
behavior are very marked among the members of the same 
subgroup and are apparently quite unrelated to age. 


| 
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b) Group TRENDS. 1) Distribution of Oral Behavior. The 

initial incidence of oral behavior for both subgroups is relatively 
high. This is probably due to the interplay of two important 
factors: (1) a characteristically high incidence at the seventh 
month maturation level, and (2) power of the gustatory moti- 
vation factor. As stated earlier, most authorities regard oral 
behavior as a form of manipulation characteristic of this age 
level (see page 27). 
_ The steady descent of both sets of parallel scores after the 
ninth month is probably explainable by the combined effect of: 
(1) a natural waning of oral activity due both to maturation and 
to social inhibition; (2) the gradual dominance of complex manual 
activity over primitive gustatory lures as motivating factors; 
and (3) increasingly rapid eye-hand domination of behavior 
[cf. Stern (55), Gesell (17, 18, 19), Biihler (4), etc.]. 

The contrast between the two sets of parallel scores for Sub- 
groups I and JI respectively is probably attributable to the 
different order of pattern presentation as discussed above. In 
other words, oral behavior is apparently a qualitative concomi- 
tant of behavior related to a specific task as well as to maturation. 

2) Frequency of Oral Behavior. In every month except the 
thirteenth, Subgroup II exhibited oral behavior more frequently 
than Subgroup I. This difference was more marked during the 
seventh, eighth and ninth months than in the following three 
months. Of the total number of trials in which oral behavior 
was present, between 98 to 99 per cent of them contained “reg- 
ular” oral behavior; about 1 to 2 per cent, ‘‘special’’ oral behavior ; 
and about 4 per cent, both kinds. This last statement applies 
to both subgroups. 

Since the use of oral behavior apparently did aid discrimination 
performance (see page 28), and also in view of the initial difficulty 
in task for Subgroup II, it seems possible to infer that Subgroup 
II, either through involuntary “‘motor irradiation”’ or deliberately, 
made greater use of oral activity as an auxiliary learning cue than 
did Subgroup I. Common maturational and social factors in 
both groups, however, seem indicated in the common decline of 
oral behavior after the ninth month. 
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6. Vocalization 


a) INDIVIDUAL DIFFERENCES. Individual differences in vocali- 
zation, both regarding the total amount present and the relative 
proportion of the three different types (see page 30), with relation 
to age are marked. 

b) Group TrENpDs. 1) Distribution of Vocalization. Data 
on the percentage of trials in which vocalization occurred in 
Subgroups I and II respectively of the Combined Regular and 
Irregular Experimental Groups at each age level in the learning 
of Series I-V show: 

(a) A process of gradual and permanent adjustment to the 
experimental situation in general and the stimulus patterns in 
particular can be traced through these seven successive age 
levels (from the seventh to the thirteenth month). 

(b) There are no consistent group differences except at the 
very beginning and after the eleventh month. 

(c) Neither the total amount of vocalization, nor the dis- 
tribution of the three types (i.e., pleasant, unpleasant, and 
communicative) correlate with the degree of success obtained 
by either subgroup throughout the seven consecutive age levels, 
as measured by the form combination, trial and reaction time 
scores. 

2) Amount of Vocalization. On the whole, Subgroup II was 
more voluble and more variable in type than Subgroup I. 


7. Affective Concomitant 


a) INDIVIDUAL DIFFERENCES. Individual differences are pres- 
ent in all the five aspects of affective concomitant (i.e., very 
pleasant, pleasant, neutral, unpleasant, and very unpleasant), 
but in different degrees. These differences tend to persist 
through all maturational levels. 

b) Group TreNps. In general, none of the five aspects of 
affective concomitant seem to correlate with achievement in 
either group, throughout the seven consecutive age levels, as 
measured by the form combination, trial and reaction time scores, 
or with specific maturation level. Pleasantness is by far the 
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most predominant affective concomitant at all the seven con- 
secutive age levels covered by this part of the study. The 
extreme aspects of pleasantness and unpleasantness are very 
infrequent. 


8. Visual Regard 


When the six months infants were first presented with the 
stimulus blocks, they usually looked at them at once. However, 
this visual regard was, as a rule, momentary and intermittent; 
and was directed to one block at a time, very often completely 
ignoring the presence of the other until it was discovered that the 
first stimulus (if it happened to be the negative form) was fixed to 
the board. As they grew older, attention increased both in span 
and duration. By the ninth and tenth months, visual regard 
was much more sustained and codrdinated. Attention was 
rarely limited to one block. On the contrary, they surveyed 
the entire visual field at one glance; or if the stimulus pattern was 
unusually complex, such.as the five-block situation in Series IV, 
Section C, Modified, they examined each block singly and 
systematically by turning their heads slowly from one end of the 
visual field to the other in a semicircular fashion, fixation appar- 
ently determined by spatial sequence (proximity) more than by 
geometric contour. After having secured the positive block, 
instead of immediately putting it into their mouths as younger 
infants did, they usually examined it very closely with varied 
manipulation. 

By the twelfth and thirteenth months attention had increased 
so greatly both in range and duration, and a relative motor ma- 
turity had made them so active, that they refused to sit still 
in the crib and the once highly motivated individual task had 
now only a temporary interest. Frequently, therefore, their 
visual regard was rarely confined to the stimulus pattern, but 
shifted rapidly from object to object within the experimental 
cubicle. However, during these moments of ‘‘codperation”’ 
they showed coérdinated, controlled, alert and sustained visual 
regard, of the type not to be found in infants of earlier age levels. 
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9. Manipulation 


In general, the manual behavior patterns in this experimental 
situation follow the developmental sequence established by 
Castner (5), Halverson (28, 24, 25), True (57), etc., namely, 
(1) failure to contact, (2) contact only, (8) primitive squeeze, 
(4) squeeze grasp, (5) hand grasp, (6) palm grasp, (7) superior 
palm grasp, (8) inferior forefinger grasp, (9) forefinger grasp, 
(10) superior finger grasp and (11) double grasp.° 

Analysis of handedness data in this study on the basis of 
development shows that all the infants could be classified, 
according to their hand preference, into three distinct types: 
(1) those who were predominantly right-handed (44.44+%), 
(2) those who were predominantly left-handed (22.22+%), and 
(3) those who shifted from the predominant use of one hand to 
that of the other from month to month in a rhythmical sequence 
(33.33 +%). This last type is particularly interesting from the 
genetic point of view, and its presence has been substantiated 
by Giesecke (21) in his study of the genesis of hand preference. 

In spite of these differences in type, however, it was the pre- 
dominant tendency of all the subjects at all the seven age levels 
covered by the present study, to secure the stimulus block with 
the hand which was on the same side as the block. This strong 
motor-positional factor showed no decline with growth within 
the age limit used in this study. 

Data on handedness further show that unimanual activities 
predominated throughout all the age levels studied (7-13 months). 
This is not in agreement with the Yale finding that although 
unimanual activities predominate in the first year of life, there 
is a period (32-36 weeks) during which the infant is strongly 
bimanual (20). The absence of such a bimanual period in the 
infants of the present study may be due to the experimental 
procedure which required that all trials in which the infants 
contacted both blocks simultaneously with both hands be 
discarded. 

Finally, the same data show that handedness in a given infant 


6 For description of these different types of grasping reactions, see True, A. 
Prehension in the colored infant, (Doctor’s thesis), pp. 59-63. 
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did not bear any consistent or significant relationship with his 
ability as a learner or his interest in the ‘‘Aufgabe.’’ Neither 
did it show any correlation with the difficulty of the task. On 
the other hand, the data conclusively prove that three consistent 
ontogenetic dinhendes in | handedness occur at these early age 
levels. : 


B. SERIES VI 
I. Introduction 


This part of the investigation was designed to study the 
following questions: 

a. Do “trace” or transfer effects occur in a situation in which 
the familiar geometric forms are now conceivably “‘masked”’ 
through various combinations of figures, 1.e., 

1. Will young infants show any evidence of discrimination 
selection based on experience within these hypothetically fused 
contours, or 

2. Will the composite figure prove a new perceptual experience, 
i.e., perceived as a total homogeneous unit? 

b. If “trace” effects do occur, how are these related to various 
mechanical laws of learning, i.e., primacy, recency, frequency, 
sequence, etc. of the various Shucoding series? : 

c. If perceived as a new configuration, how, if at all, do bib 
external factors as ‘“‘goodness”’ of external or internal contours, 
or both, simplicity (homogeneity), complexity (number and 
arrangement of angles), combination of circularity and angularity, 
position, etc. appear to influence the subjects’ reactions? Genet- 
ically regarded, these factors would certainly seem related to 
such general theoretical concepts as “‘Pragnanz,” “Law of Least 
Action,” etc., as involved in perceptual responses. 


II. Apparatus 


The experimental set-up was the same as in the previous series 
except in form blocks used (see pages 6-8). These blocks 
were so constructed that each single form was now superimposed 
upon another single form, thus introducing a second figure- 
ground relationship optically and the above-mentioned behav- 
ior possibilities functionally (see page 39). Since the blocks 


40 BING-CHUNG LING 


were of uniform color, the principal visual cues to the super- 
imposed contour were restricted to optic depth (perspective 
factors). To the adult eye these contours at this standard 
distance are sharp and clear so that the familiar geometric forms 
are neither “geographically”? nor ‘‘behaviorally’’ fused. [The 
experimental distance is well within the ‘‘body-radius”’ of the 
infant. Compare Stern (55), Bithler (4), Fajans (11, 12), etc.] 
There is very little known, however, about the visual perception 
of figural depth per se in infancy. 

Three series of form blocks were required for this part of the 
study. They are: 

a. Double-circles, double-ovals, double-squares, double- 
triangles and double-crosses. Each of these forms was composed 
of two large-sized blocks used in Series III superimposed one on 
top of the other. 

b. Circle-on-crosses, circle-on-triangles, circle-on-squares and 
circle-on-ovals. Each of these forms was composed of a standard- 
sized circle placed on top of a large-sized cross, triangle, square 
or oval. 

c. Cross-on-circles, triangle-on-circles, square-on-circles and 
oval-on-circles. Each of these forms was composed of a standard- 
sized cross, triangle, square or oval placed on top of a large-sized 
circle. 


IIT. Method of Procedure 


This varied in three ways from the previous series. 

a. The problem here is not one of learning, but of spontaneous 
preference or selection. 

b. Neither of the paired compound forms was fastened to the 
board. 

c. The scheme of presentation was altered as follows: 


Section A Circle-Cross Combinations 
Part 1 Double-Circle Cross-on-Circle?” 
Part 2 Double-Cross Circle-on-Cross 


Part 3 Circle-on-Cross Cross-on-Circle 


7 Each part consisted of four trials. In the first and fourth trials the first 
block (e.g., Double-Circle) was placed to the right of the subject and the second 
block (e.g., Cross-on-Circle) to the left. In the second and third trials the rela- 
tive positions of the two stimuli were reversed. 
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Section A Circle-Cross Combinations 
Part 4 Double-Circle Circle-on-Cross 
Part 5 Double-Cross Cross-on-Circle 
Part 6 Double-Cross Double-Circle 
Section B Circle-Triangle Combinations 
Part 1 Double-Circle Triangle-on-Circle 
Part 2 Double-Triangle Circle-on-Triangle 
Part 3 Circle-on-Triangle Triangle-on-Circle 
Part 4 Double-Circle Circle-on-Triangle 
Part 5 Double-Triangle Triangle-on-Circle 
Part 6 Double-Triangle Double-Circle 
Section C Cirele-Square Combinations 
Part 1 Double-Circle Square-on-Circle 
Part 2 Double-Square Circle-on-Square 
Part 3 Circle-on-Square Square-on-Circle 
Part 4 Double-Circle Circle-on-Square 
Part 5 Double-Square Square-on-Circle 
Part 6 Double-Square Double-Circle 
Section D Circle-Oval Combinations 
Part 1 Double-Circle Oval-on-Circle 
Part 2 Double-Oval Circle-on-Oval 
Part 3 Circle-on-Oval Oval-on-Circle 
Part 4 Double-Circle Circle-on-Oval 
Part 5 Double-Oval Oval-on-Circle 
Part 6 Double-Oval Double-Circle 


IV. Subjects 


The subjects, ranging in age from 35 weeks 4 days to 59 weeks 
1 day, included (1) twelve subjects of the Regular Experimental 
Group who had had intensive training through Series I-V, and 
(2) an equal number of subjects of the Control Group carefully 
matched in age and developmental scores. Both groups were 
further divided into two subgroups. Subgroups I performed in 
the forward order, i.e., from Section A to D; Subgroups II 
performed in the backward order, viz., from Section D to A. 


V. Results 


Altogether 2304 trials were carried out by the twenty-four 
subjects. These data were analyzed, both qualitatively and 
quantitatively, under form preference, reaction time, manipu- 
lation and the various dynamic attributes previously discussed. 
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a. Form Preference 


Data on the number and percentage of times in which each 
member of the total twenty-four pairs of stimuli was secured 
either in preference to or simultaneously with the other member 
of the pair by Subgroups I, Subgroups IJ and Combined Sub- 
groups respectively of the Experimental and Control Groups are 
very scattered and therefore provide few clues as to how the 
infants actually perceived these compound patterns. For this 
reason further analyses of these results on the basis of three 
different assumptions, all representing comparative (adult) 
approaches, have been attempted. 

The first analysis is based on the assumption that in a given 
compound block the top form is visually more potent than the 
bottom form, because the former (1) retains in full its continuity 
in shape, and (2) is higher in relief from the general background, 
whereas the latter (1) is partially covered by the former, thereby 
losing much of its homogeneity, and (2) is lower in relief. Con- 
sequently, taking Section A as an example, the order of potency 
from the circle to the cross would be (1) double-circle, (2) circle- 
on-cross, (3) cross-on-circle, and (4) double-cross. 

The second analysis is based on the assumption that in a given 
compound block the bottom form is more potent than the top 
form, because the former, by virtue of being slightly larger, 
serves as a sort of framework for the latter and consequently 
may partially absorb the latter by weakening its contour. Like- 
wise, it retains the strong advantage of a color difference against 
the gray background. Accordingly, taking Section A as an 
example, the order of potency from the circle to the cross would 
be (1) double-circle, (2) cross-on-circle, (3) circle-on-cross, and 
(4) double-cross. 

The third analysis is based on the assumption that if the top 
form in a given compound block is a cross, triangle, square, or 
oval, and the bottom one a circle, the resultant block will assume 
the shape of the former, because a non-circle is a more complex 
contour than a circle and, therefore, possibly as a matter of 
attention or “intent,’’ will effectively resist absorption by the 
simpler figure. If, on the other hand, the two constituent forms 
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reverse their relative positions so that now the circle is on top, 
this, in turn, will be partially absorbed by its more complex 
background or framework. As a result a new Gestalt—neither 
of the components as such but a combination of them—will be 
originated. ‘Taking the circle-on-cross and cross-on-circle com- 
bination (Section A, Part 3) as an example, the cross-on-circle 
remains cross-like in appearance while the circle-on-cross, owing 
to the partial absorption of the circle by the cross, as- 
sumes a totally new shape which is intermediate between the 
two component forms. 

As a result of the three above analyses based on three very 
different hypotheses of figure-ground relationship, it was found 
that the trained subjects behaved astonishingly like the untrained 
subjects in their spontaneous selection of patterns. Whether 
such seemingly ‘‘traceless’’ reactions were due to inhibition of 
memory effects by new Gestalten, or whether they were the 
result of the neutralization of previously reversed positive and 
negative effects, or whether they represented the ‘“‘understanding”’ 
of and therefore immediately successful adjustment to a new 
situation (“‘insight’’) on the part of the trained subjects, cannot 
be determined by this manner of analysis. Equally obscure, 
therefore, is the problem of how these compound blocks were 
visually perceived by either group. 

Another significant point derived from the above analyses is 
the apparently spontaneous though marginal preference, exhibited 
by the trained and untrained subjects alike, for non-circle forms. 
This seems on the surface, at least, inconsistent with the pre- 
vailing concept that ‘‘primitive”’ minds will respond most directly 
to the simplest, 1.e., most homogeneous, configurations in cases 
of free choice as the easiest course of actions. 


-b. Reaction Time 


Although the subjects of the Experimental Group behaved 
astonishingly like those of the Control Group in their spontaneous 
selections of geometric patterns, they were consistently and 
markedly faster than the latter infants in both total reaction time 
and average reaction time per trial. This was quite obviously 
a case of transfer or “‘trace’’ of previous training. 
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c. Manipulation 


On the whole, the Control Cases, somewhat more frequently 
than the Experimental Cases, employed bimanual approach to 
the stimulus patterns. Since all preceding series required that 
the subjects use unimanual approach only, this may be regarded 
as evidence of the positive transfer of learning. The Experi- 
mental Group, on the other hand, tended to resort to positional 
cue in their manipulative reactions to the blocks slightly more 
persistently than the Control Group. This difference is ex- 
plainable by the fact that the more frequent use of bimanual 
approach by the untrained subjects reduced the number of times 
in which the positional cue might be used by those subjects. 
However, the fact that the Experimental Cases did employ the 
positional cue in this series, despite the rigorous control of this 
primitive tendency in all the previous series, seems to suggest 
that those highly trained subjects accepted (‘‘understood’’) 
Series VI as an entirely new situation, both in visual pattern 
and motivation, thus supporting the conclusion reached on Form 
Preference (see page 43). In any event, the trained subjects 
exhibited a type of behavior which obviously required the least 
amount of action under the circumstances; whereas the Control 
subjects reacted in a typically untrained, diffuse, indirect, 
“chance” manner. The difficulty of general adaptation in this 
group increased markedly with chronological age. 


d. Oral Behavior 


The scores in oral behavior for the Experimental and Control 
subjects are very similar, even though the former group exhibited 
a slightly larger amount than the latter. The Control subjects, 
on the other hand, showed a higher incidence of ‘‘special’’ oral 
behavior (oral behavior without block contact). This difference 
is apparently due to a difference in the training and experience 
of the two groups of subjects, since the gustatory reward was an 
auxiliary motive for the trained group. 


e. Vocalization 


On the whole, the Control subjects were more vocal than the 
Experimental subjects with the vocalization type reflecting their 
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general lack of adjustment to the situation. Of the total amount 
of vocalization exhibited, the trained group had accordingly a 
much higher percentage of vocalization of pleasantness. The 
untrained subjects, on the other hand, exceeded the trained 
ones in the percentages of vocalization of unpleasantness and 
of communication. 


f. Affective Concomitant 


In affective concomitant, as in vocalization, the Experimental 
subjects exceeded the Control subjects in the relative proportions 
of pleasant and very pleasant affective concomitant. They were 
exceeded by the Control subjects in neutral, unpleasant and very 
unpleasant affective concomitant. 

Taking into consideration all the data on reaction time, 
manipulation, vocalization and affective concomitant, it is 
evident that the trained subjects, except in the one critical 
matter of form choice, gave conclusive evidence of positive 
transfer of previous training. This was objectively evident in 
superior regard and sustained attention, direct approach, short 
reaction time, and affective adjustment to the stimulus patterns 
in particular and the total experimental situation in general. 


GENERAL DISCUSSION 
A. SPACE PERCEPTION 


The perception of visual form is obviously related to the basic 
problems of space perception in general. Since all general space 
perception theories directly or indirectly assume certain genetic 
hypotheses, it may be of final interest to touch briefly upon such 
correlations as our data afford. Thus, the older nativistic school 
[Descartes (1596-1650), Kant (1724-1804), Fichte (1762-1814), 
Johannes Miiller (1801-1858), Hering (1834-1918), Stumpf 
(1848-1936), etc.] assert that the capacity to appreciate space is 
innate and may be used without preliminary practice. For 
them space offers no empirical problems; it is appreciated at once. 
Their major discussions and experiments deal with depth or 
distance, but since they do not state otherwise, we may assume 
that this hypothesis holds also for form. 

Genetic data from this experiment which seem to accord with 
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the nativistic concept are: (1) persistent and consistent individual 
differences in form discrimination within a given series despite 
identical training; (2) the ability to discriminate, even at the 
six months level when the optical apparatus is probably still 
somewhat immature (18, pp. 584-608), such fine differences as 
circle-oval; (3) the apparent ‘‘absolute’’ nature of form as evident 
in the small percentage of difficulties produced through changing 
size, contour, orientation, position and total pattern complexity; 
and (4) the close resemblance between the Experimental and 
Control Groups in their spontaneous selection of compound form 
blocks which, on the whole, seems to support ‘‘immediate’’ 
perception of these figures as “‘new”’ configurations. 

The empiricists [Berkeley (1685-1753), Lotze (1817-1881), 
Helmholtz (1821-1894), Wundt (1832-1920), etc.] assert that 
the notion of space is developed through experience, and that 
therefore it is essential to discover the components of the idea of 
space and also to determine its origin. They are of the opinion 
that the nativistic theory is unnecessary and gratuitous, and 
that the development of space perception in experience is to a 
certain extent demonstrable. 

Opposed to the strictly nativistic hypothesis and supporting 
the empirical concept are the evidences of practice and learning 
in form discrimination: (1) Superior discrimination performance 
was clearly present at the end of the experiment as compared with 
large number of trials and long reaction time in the early learning 
series. This could, of course, be attributed to general maturation 
except for the obvious differences between older trained subjects 
and beginning subjects of identical age. Furthermore, as these 
differences decreased rapidly with training, they can hardly 
represent innate maturational perception differences alone. 
(2) Since Subgroups I and II of the Experimental Group were 
equated in both physical and mental development, the various 
differences in results on form discrimination between the two 
subgroups were undoubtedly due to the difference in training, 
1.e., In the order of presentation of the stimuli. 

Since Munn and Stiening (43) used only one subject, it is 
impossible to prove here what nevertheless is an obvious inference 
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through comparing their data with ours; that is, requiring as 
many as 350 trials to learn to discriminate a cross from a square 
at the age of fifteen months might have been due to (1) poor 
form discrimination (an individual difference), (2) poor learning 
capacity, and (3) deprivation of the normally present manipula- 
tory cues. Assuming the last possibility lsted above on the 
basis of Munn’s and Stiening’s own description, one would then 
have additional data supporting the empiricists’ belief that 
visual space percept, form or distance, is the product of many 
contributing senses, especially tactual manipulation. On the 
other hand, Révész (45) and other experimenters regard the 
development of tactual and visual form discrimination as par- 
allel processes, i.e., independently maturing capacities. 

On the whole, data from Series VI may be here interpreted 
as rather against the empiricists, since they fail to show any of 
the specific ‘‘trace’”’ effects which could be logically anticipated 
from the long training in Series I-V. 

Finally, it is quite conceivable that the effects of training in 
Series I-V represent trained attention to form differences, rather 
than improved form discrimination capacity per se, although 
“behaviorally” it would be quite as impossible to separate these 
two functions in an adult, as in these infants. 

On the basis of the present investigation, it seems probable 
that space perception, as we find it even in the young infant, is 
the combined result of both inborn maturational capacities and 
individual experiences. Like all genetic studies, the results of 
this one point backward to still younger age levels, as far as the 
question of innate or acquired perceptual patterns are concerned. 
In this study the lower limit of six months was arbitrarily selected 
because of three reasons: (1) a mass of standardized data re- 
garding normal eye-hand behavior patterns at this age, pro- 
viding basis for legitimate technique; (2) the known maturation 
level of the physiological optical processes;* and (8) the almost 


8 It is a well known physiological fact that the distal portion of the optic nerve 
is completely myelinated at six months, even though myelination of the entire 
nerve does not take place until the end of the first year. Also at the sixth month, 
binocular codrdination becomes increasingly efficient; refraction is improved be- 
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universal implications in genetic literature that such perceptual 
discrimination of geometric form as we have measured would 
be quite impossible at six months (see Introduction, pp. 3-4). 
Having provided the first exact quantitative and qualitative data 
for geometric form discrimination at this age, it is now clear that 
some technique must be devised to study the same phenomenon 
in much younger infants. Similarly, a subsequent study must 
isolate all possible parallel or auxiliary cues, both manipulatory 
and gustatory cues. 

In “Configuration” theories form perception as such is of 
special significance, as its name so clearly implies. Likewise the 
genetic aspects are of fundamental importance. Compare such 
conflicting statements as those of Koffka (86) and Stern (55) 
on the nature and level of ‘‘primitive figure-ground”’ relationship: 

Koffka (36) writes: 


Very early the child turns toward bright objects, and begins to react 
differently to light and darkness. In this connection it should be noted 
that light and dark are not really color-designations, such as black and 
white, but instead indicate differences in the “‘level’’ of the surroundings. 
All we can properly say is that a bright object may stand out readily 
from its “background” at a very early age (36, pp. 265-266). 


Stern (55) states: 


We must think of the earliest condition as one of entirely diffuse 
general sensibility.... We must first ask how the child in any way 
manages to distinguish and isolate a single phenomenon out of the 
confusion of this general condition. ... Motor movements and concen- 
trated attention are the two means by which the young creature selects 
and retains separate elements from the original confused chaos of outer 
sensations, and immediately separates them from that general condi- 
tion and reserves them as a special experience. Gradually they assume 


cause of the increased curvature of the cornea; the size of the pupil increases 
noticeably; and the lens gains both in thickness and degree of curvature. About 
the same age level, the optical axis increases greatly in length, the surface of the 
retina in size, and the cones in number. Foveal fixation, too, seems definitely 
established; therefore beginning from the sixth month, the infant is optically 
ready for this type of experimental task whereas children of younger age levels 
are conceivably not (13, pp. 584-608). 
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thus a character opposed to merely subjective experiences, they point 
outward to things—in short, they become perceptions. Only this 
process is a very gradual one... . If we consider more closely the result 
of this process we see it is not now the sum, so to speak, of its com- 
ponent simple sensations. The image standing out from the back- 
ground of consciousness (mother, rattle, etc.) is rather, from the begin- 
ning, a whole, within which single tones, lines, colors, etc., only have 
significance as mutually dependent, necessary component parts of that: 
whole. Such a defined whole new psychology calls a psychic “form,” 
and the formation, and the organization of the parts its ‘“‘structure,’” 
(55, pp. 102 and 106). 


Apropos of this theoretical confusion our data show that the 
finer capacities in form discrimination, 1.e., specific geometric 
detail within a ‘‘mass-pattern’’ as opposed to mere “‘brightness 
discrimination,’ are present at very early age levels, much 
earlier than is admitted anywhere in the literature with the 
possible exception of the work reported by Volkelt (60). They 
are not, as so frequently labelled by others, an ‘‘advanced”’ 
form of mental activity emerging “relatively late’ from a more 
primitive ‘‘diffuse’’ state, though the term “‘relatively late”’ 
is certainly indefinite enough. Furthermore, these objective 
differences (sensory cues) within a given pattern may be quite 
minute without being easily obscured or ‘“‘absorbed’’ by the 
““Gesamtheit Charaktur” of a “‘primitive’’ level of perception, 
“vague, fluid, inaccurate, and liable to modification in accordance 
with subjective tendencies” (58, p. 178). Finally, the nature of 
the young infant’s discrimination of geometric forms is not 
sufficiently ‘‘vague, diffuse and homogeneous” to be very easily 
affected by changes of the whole through modification of such 
vital collateral (i.e., ‘‘topological,’’ ‘‘geographical’’) parts as 
spatial orientation, size, number, grouping, sequence, etc. 

The present study seems not only to confirm the general opinion 
of Koffka (36), Vernon (58), Gellermann (15, 16), Bithler (4), 
etc. that to a young child a form is much more independent of 
its absolute spatial position than it is to adults (cf. pp. 1-2), but 
also to show that this is marked in early infancy. On the other 
hand, this ‘‘independence,”’ while preponderant, is still relative 
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and not absolute, as a literal inference of this eens theory 
might imply. 

The present findings do not confirm Jersild’s widely accepted 
doctrine that ‘‘a young child is likely to make errors by judging 
objects in terms of their size rather than their form” (81, p. 237). 
They confirm Koffka’s (86) and Stern’s (55) statements that 
size plays a very insignificant réle in the recognition of things in 
early perceptual stages (36, p. 288; 55, p. 121), (cf. p. 2). 

The results here show that within a multiple, i.e., ‘synthetic’ 
[Krasnogorski (39)] pattern of not more than five units, an 
increase in the number of blocks presented simultaneously 
rendered the task of form discrimination more difficult but not 
impossible for the infants. Data from Series IV (‘Increase in 
Number’’) show that the task of “‘abstracting”’ the circle (positive 
stimulus) from a new ‘‘synthetic’’ pattern was more difficult 
when the form in question was placed next to the oval (similarity 
plus proximity) than away from it (similarity only), or when it 
was in or near the center of the pattern than on the ends. The 
task was hardest if the circle was placed at the center next to the 
oval. These results seem to confirm Schroff’s (49) and Rush’s 
(48) finding that similarity and proximity are among the factors 
which exert a powerful influence in visual grouping (see p. 
ane 

Iixcept in the multiple series the present study shows, however, 
that position played a very insignificant réle in the form dis- 
crimination of the infants. In Series I, IJ, 11] and V they learned 
very rapidly to dispense with it. It is, however, interesting that 
a few subjects, when confronted with abrupt changes in the 
experimental set-ups in the first parts of Series V (‘‘Learning in 
Reversed Order’’), tended to resort, during their temporary 
confusion, to an obvious positional cue, a primitive tendency 
familiar to all who work in animal psychology. 

Listing these “geographical” details in approximate order of 
decreasing effect on performance, but keeping in mind the 
relatively small effect of all of them, one finds that they are: 
(1) number, (2) similarity, (8) sequence, (4) proximity, (5) size, 
(6) spatial orientation and (7) position. 
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As directly or indirectly related to such factors in perception as 
“goodness of contour,” “‘potency’’ of contour, interest, or even 
the physiology of vision, the spontaneous response to or selection 
of the different geometric contours under different pattern con- 
ditions seems of interest here. From this experiment it appears 
that angularity was one of the primary cues in the form dis- 
crimination of the infants. An abrupt withdrawal of this cue 
rendered the task much more difficult; however, the infants were 
able to dispense with it when it was not available. From an 
arbitrary point of view it might be assumed that the primitive 
‘“‘goodness”’ of the circle, being the simplest of the forms to be 
perceived by a ‘‘primitive’ six-month intelligence, might be 
translated into a simple, ‘‘primitive’’ motor preference. From 
another point of view, possibly correlated with physiological 
determinants—roundness of fovea, macula, pupil, etc.—as pro- 
jected undifferentiated “‘mass”’ patterns, the circle is perhaps too 
primitive a contour to be perceptually interesting, and any change 
might therefore focus the infant’s visual attention. This is in 
accordance with the general principle that we react primarily 
rather to change from or within a familiar or habitual stimulus 
than merely to the stimulus itself [Jenkins (80), Crudden (7), 
etc.]. On this hypothesis, spontaneous preferences would select 
the non-circle forms. The actual data show that in the first 
part of Series I when the circle was the positive stimulus and the 
cross (for Subgroup I) or the oval (for Subgroup II) the negative, 
not a single subject in either the Preliminary or the Experimental 
Groups learned to select the circle as against either of the other 
two forms in the first ten trials (the minimal number of trials 
required by the experiment). In fact, a few of the subjects 
spent as many as 100 trials or more before they stopped attempt- 
ing to acquire the cross or the oval. Again in Series VI when 
spontaneous selection was allowed, in an overwhelming majority 
of the cases both the trained and untrained subjects showed slight 
but consistent preference for the non-circle to circle forms. These 
results would seem to indicate that instead of preferring the form 
which is the simplest both ‘‘geographically’”’ and ‘behaviorally,’ 
the young human infant tends to select more complex geometric 
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forms; such as the cross, triangle, square and oval, as opposed to 
the circle. 

From the preceding discussion it is clear that these genetic 
data at least partly agree with certain aspects of all the three 
theories of space perception in question. With the general 
concepts of Koffka (87) and Vernon (58) as expressed in the 
following paragraphs there seems to be a general agreement. 


Thus Koffka (87) writes: 


It will not be necessary to point out that an anti-empiristic attitude 
does not mean the denial of the enormous value of experience. Not 
that it makes use of experience causes our objection to empiricism, but 
how it makes use of it (37, p. 639). 


Again Vernon (58) states: 


But we must remember that our apprehension of space is not de- 
pendent only upon the pattern of visual stimulation. A configurational 
structure such as we have described is essentially bound up with a mass 
of kinaesthetic and proprioceptive sensory data, with postural schemes 
of the kind described by Head, and with visual and kinaesthetic idea- 
tional data derived from individual experience. To the latter we have 
frequently alluded. The former are not exactly within the scope of 
this book; but we shall consider their relationship to the visual spatial 
configuration in Chap. X, in connection with the ‘spatial framework.’ 
We may, however, suggest that there is a definite schematic relation- 
ship between all these factors, the development of which is a purely 
spontaneous perceptual process, although its form is influenced by the 
factors of experience which we have mentioned. The ability to create 
structures of this kind, and to utilize more or less adequately the data 
which they afford, is an innate property of the organism. But the 
completeness and detail of a structure and its modifications under 
different conditions, objective and subjective, must be affected and to 
some extent determined by individual experience; and so also the 
particular accuracy and efficiency with which the individual can deal 
with any particular aspect of the structure and deduce from it any 
particular relationship of depth or distance (58, pp. 87-88). 


In spite of a general ideational agreement, our experimental data 
definitely disagree with the tempo of development as emphasized 
by these two authors. 
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B. LEARNING 


As the experimental situation in the present study obviously 
involves some general questions of trial-and-error learning, viz., 
association, both in the classical sense of contiguous pattern, 
and in the sense of Conditioned Reflex; “insight” or sudden 
learning in the Kohler-Gottschaldt sense; positive transfer 
of training; various phenomena of inhibition; as well as such 
mechanical aspects as number and order of repetitions, forward 
and backward learning, facilitation, extinction, etc.; some genetic 
aspects of these factors in learning may be briefly outlined here. 

At least within this controlled experimental situation the follow- 
ing general statements hold true: 

1. With the exception of the circle-oval combination, the 
number of repetitions required for the successful discrimination 
of the cross, the triangle, or the square from the circle seemed to 
depend more upon the general order of presentation of the 
stimuli than upon the degree of similarity which each of these 
forms bore to the circle. In the case of the circle-oval combina- 
tion, however, the close similarity between the two forms rendered 
the task of discrimination markedly harder than in the case of 
of any other form combination used in the present study (see 
Tables 2 and 3 on pages 18 and 19 respectively). 

It seems probable, therefore, that angularity versus non- 
angularity (or circularity versus non-circularity) was the 
“critical”? or basic discriminatory clue, regardless of how small 
or how large this difference was. Since there is very little dif- 
ference in the curves for the square, triangle, and cross (contrary 
to expectations), it seems obvious that the range of geometric 
forms used in this experiment does not actually test the maximum 
capacity of these infants in fine discrimination. Superimposed 
upon our quantitative data, this general result in itself is a sig- 
nificant corroboration of our hypothesis that the finer processes 
of perceptual discrimination, as opposed to the ‘‘diffuse’’ or 
‘mass,’ unindividuated nature of primitive perception, are 
certainly present in the six months human infant. A subsequent 
study will try to determine the ‘‘absolute”’ limits of fine discrim- 
ination within a basic circular, and a basic angular, geometric 
figure. 
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2. On the whole, an increase in the number of form units 
composing the stimulus pattern from two blocks on made the 
task of discrimination more difficult. However, increase in 
number did not bear a straight-line relationship to the difficulty 
of the task, as measured by the combined scores in total number 
of trials, percentage of success, and total and average reaction 
time. Rather it produced very different effects on different 
individuals. 

3. Individual differences in the learning of the various form 
combinations were both consistent and marked as shown by 
the scores in total number of trials (range: 297-1024 trials), 
percentage of success (range: 86.20 —%-57.03+%), and total 
reaction time (range: 2123.5—20009.0 sec.). 

Among the most conspicuous of individual differences were 
“types” of learners. Thus, in the Regular Experimental Group 
of eighteen subjects, three were fast and efficient learners, two 
fast but inefficient, three slow but efficient, three slow and in- 
efficient. The remaining seven were “average’’ in their learning 
efficiency, and high, medium or low in speed. ‘The coefficient 
of correlation between quality and rapidity in learning for the 
group was +.25+.15 (cf. page 24). These “‘type’’ differences 
were generally apparent very early in the experiment and re- 
mained consistent throughout. 

On the whole, the fast and efficient learners made the most 
rapid adjustment in the first form combination of Series V. The 
fast and inefficient subjects might give, superficially, a false 
impression of rapid initial adjustment, but they were never 
stable in the adaptation. The slow and efficient infants, on the 
other hand, might take a relatively long time to scrutinize the 
changed situation; but once the change was “‘cognized,”’ the motor 
task was completed. The slow and inefficient learners had a 
great deal of trouble both in recognizing the reversal in the 
functional relationship of the two units of the stimulus pattern, 
and in adapting themselves to the new experimental condition. 
They spent as many as 70 to 130 trials in learning the form 
combination. It seems apparent, therefore, that the difficulty 
among those infants was primarily a perceptual one, with little 
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reference to motor capacity. The medium cases, as one would 
expect, lay intermediate between these four extreme types in 
their ability to detect the change and in the permanency of the 
new habit. Detection of such highly consistent “‘types’’ at these 
very early age levels would seem to emphasize the constitutional, 
as opposed to the purely environmental factors, in the genesis 
of the learning process. 

4, Trial and error was of necessity used by all the subjects in 
the learning of the initial form combination. After a number of 
futile attempts (range: 6-218 trials) to secure the negative block, 
these unsuccessful movements were “‘stamped out’’; only those 
responses leading directly to the acquisition of the positive form 
were retained (Thorndike’s Laws of Effect and Exercise; Professor 
Shepard’s explanation that the learning was effected by the 
organism’s accidental attention to the proper stimulus). 

5. Positional cues were used by a few subjects at the beginning 
of the experiment. However, these subjects soon learned to 
dispense with these cues and resorted to using them again only 
when temporarily confused, such as in the first form combination 
of Series V.- This is a primitive or “regressive”’ tendency pointed 
out in many of the animal experiments. 

6. Definite signs of one total pattern inhibiting another were 
shown by the subjects on such occasions as: (a) in the first form 
combination of Series V when there was an abrupt reversal of 
functional relationship between the positive and negative stimuli; 
and (b) in the first part of Series VI in which compound blocks, 
made of a negative form superimposed on a positive form, or 
vice versa, were exposed. Under such circumstances some of 
the trained subjects seemed to be at a loss as to what to do about 
the blocks. 

7. Evidence of a positive general transfer of training can be 
found throughout the experiment after the first form pattern, 
in that the subjects spent less time and had less trouble in learning 
any subsequent forms. This type of general transfer was most 
obvious in Series VI when the behavior of the Experimental 
Cases was compared with that of the Control Group. Such 
a comparison showed, first of all, a far superior general adaptation 
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on the part of the trained subjects to an environment which was 
at once strange and highly artificial. These infants were more 
amiable, interested and quiet, and were willing to work for a 
much longer period of time than untrained subjects. Second, 
they paid more immediate and selective attention to the stimulus 
pattern, both to the whole and to the parts. There was definite 
inhibition of extraneous bodily movements. Visual regard was 
of an anticipatory, “‘critical’’ and sustained type, and was directed 
to details often unnoticed by untrained subjects. Third, they 
showed a more direct and accurate motor approach to the units 
of the stimulus pattern. Having secured the block, their ma- 
nipulative activities were more varied, and their visual-tactual 
examinations more minute. Finally, it has been repeatedly 
pointed out by their parents that these trained subjects developed 
a smoother adaptation to various ‘‘lay’’ situations within the 
home, implying a very general type of transfer. 

8. The results of the present study show that, contrary to 
much modern emphasis, especially in educational psychology, 
on learning performance as a product of the ‘‘whole’’ personality, 
form perception as such, and this type of learning performance 
as such, seem relatively independent of specific constitutional 
temperamental differences and their affective concomitants. 
Nor is there any evidence in our data that learning performance 
at the infant level is necessarily more of a primitive emotional 
activity than at the higher age levels (apropos of the hypothesis 
that the younger, i.e., more primitive, the organism, the more 
its behavior is dependent on the diffuse or unspecific ‘‘mass 
activities” of the ‘‘whole’’ organism, and the more preponderant 
the ‘‘vegetative’”’ levels of emotional motivation). These seem, 
even at this very early age level, to be subsidiary concomitants 
and not the major determinants of learning achievement of this 
form-discrimination type. This implies no under-estimation of 
the ‘‘dynamics” of behavior, but does seem to stress that even 
in very young infants, they are controllable variables of a given 
process, rather than the process itself. 

9. Results on achievement, plotted on the basis of each day, 
show that plateaus are present in a number of learning curves. 
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These plateaus may be explained on any or all of the following 
bases: 

a) When the subject was baffled by a difficult discrimination 
pattern. A few noticeable examples of such patterns were the 
circle-oval combinations, particularly when the oval was turned 
ninety degrees to the right, the multiple patterns, and the first 
form combinations of Series V. 

b) When there was a temporary loss of interest due to lowered 
motivation (see 10 below). 

c) When perseveration or integration of what had been learned 
was going on (classical interpretation). 

10. Compared with the various studies of form discrimination 
listed in the Introduction (see page 1), it seems that the more 
positive findings of the present investigation were, in a large 
measure, due to the selection of proper motivating factors. The 
brightly colored blocks of appropriate manipulatory sizes, their 
saccharine coating, and the simplicity of bodily action correlated 
specifically with the sensorimotor development and involuntary 
action tendencies (viz., grasping, manipulation and oral behavior) 
of infants between six and twelve months of age. After the 
twelve months level, however, the motivating factors had to be 
made slightly more complex in further accordance with genetic 
development. 

11. “Insight”? or sudden learning in the Kohler-Gottschaldt 
sense seemed clearly demonstrated in the learning of the first 
form combination of Series V by at least four of the total eighteen 
subjects of the Regular Experimental Group. After one or two 
preliminary attempts to dislodge the circle, the subject, acciden- 
tally or deliberately, turned to the previously negative form, and 
much to his apparent surprise, it was easily removed. This 
situation produced temporarily a careful examining behavior. 
Then suddenly he seemed to perceive that the component units 
of the stimulus pattern had been functionally reversed. From 
that moment on his facial expression relaxed; the fretful, be- 
wildered vocalization was promptly replaced by a cheerful and 
contented one; and he seldom or never returned to the once 
highly motivated circle. This absence of stereotypy seems 
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rather striking evidence of a far more plastic adaptive behavior in 
infants than the mechanistic concepts of the Conditioned Reflex 
School, as extinction or backward learning, permit. It is true, 
of course, that this behavior may be explained in more mechanistic 
terms. Its qualitative aspects, however, lead us to place it rather 
in the same category as other “Substitution” tests [Volkelt (60)], 
the obvious substitution being, here, a reversed functional re- 
lationship. It seems likewise very significant that in the same 
situation, severe rachitic and congenitally retarded infants of the 
same age levels never perceive this reversed function, and must 
go through a tedious process of backward learning, or experi- 
mental ‘“‘extinction’’—often longer in duration than the initial 
learning [Colby (6)]. 

12. The controversial term ‘‘abstraction” is used here in its 
own original or genetic sense of the separation and “‘lifting”’ 
of a common factor or factors from the total configuration. Ac- 
cording to such interpretation by Werner, it is a process “‘quite 
close to primary sensory organization”’ (62, p. 357), in which a 
limited aspect or aspects of the situation are responded to at the 
exclusion of all others, and in which “things having equal qualities 
tend to come to the fore, organizing themselves into a unit” 
(62, p. 357). ‘‘Abstraction”’ is therefore used here in Munn’s 
(43), Field’s (14), and Gellermann’s (15, 16) sense and is what 
Werner calls “primitive abstraction’’ (62, p. 357), as opposed to 
the interpretation of Smith (53, 54), Kliiver (35), and many 
others. 

Throughout the first three series of experiments the infants 
gave unequivocal evidence of their ability to respond positively 
to form per se, regardless of relative position, size, or the spatial 
orientation of the various forms. In Series IV they demonstrated 
conclusively that they were capable of ‘‘lifting’’ a single contour 
from a multiple pattern of three, four and even five different 
geometric forms. In Series V some subjects (better learners) 
succeeded almost instantaneously in ‘‘abstracting”’ the changed 
functional relationship within a pattern of highly conditioned 
stimuli while the poorer learners tended toward the stereotypy 
characteristic of unconditioning, or backward learning. 
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SUMMARY AND CONCLUSIONS 


This experiment studies geometric form discrimination as a 
learning cue in infants of six to fifteen months of age. It is 
fourfold in its purpose: 

1. To determine the nature and extent of geometric form 
discrimination in infants; | 

2. To study the efficacy of such discrimination as a cue in the 
various phases of the learning process; 

3. To analyze quantitatively, for the first time, all the dynamic, 
qualitative concomitants involved; 

4. To trace, by continuous longitudinal experimentation, as 
opposed to the sampling method, the finer phases of chrono- 
logical maturation as related to the foregoing processes. 

The main study consisted of six series of experiments as 
follows: 


Series I “Forward Learning”’ 

Series II “‘Change in Spatial Orientation’”’ 
Series III ‘“Change in Size”’ 

Series IV ‘‘Change in Number’’ 

Series V ‘Learning in Reversed Order’’ 
Series VI ‘‘Compound Block Situation’’ 


Throughout the first five series a simple conditioning technique 
was used. In the last series, since it studied the possible effects 
of combining or masking the geometric forms learned in Series 
I-V, spontaneous selection was the method used, and the subjects 
included a control group of untrained infants. 

The results of the experiment, which consisted of both mechan- 
ically recorded and protocol data, were analyzed on the basis 
of both achievement and development. From these results 
the following general conclusions have been drawn: 


A. PERCEPTUAL PROCESSES 


1. The normal human infant is able to discriminate between 
simple geometric forms as early as six months of age. 

2. At this age level the normal human infant is also able to 
use fine geometric form discrimination per se as a learning cue, 
establishing definite selection and avoidance habits. 
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3. Individual differences in discrimination processes (including 
“abstraction’”’), learning ability, and affective concomitants, 
are very marked and consistent at every age level and in every 
series. 

4. Change in the relative position, spatial orientation, or size 
of either or both positive and negative stimuli has a very slight 
effect on the discrimination performance of the infant. 

5. Increase in the number of blocks presented simultaneously 
(increase in the complexity of the total pattern) from two on to 
five renders the discrimination more difficult. However, this 
increase in number does not bear a straight-line relationship 
to the difficulty of the task. 

6. Within a multiple pattern of three to five blocks the task 
of ‘‘abstracting’’ the positive stimulus from the total configuration 
is more difficult when the stimulus is adjacent to a closely similar 
form (similarity plus proximity) than when away from it (sim- 
ilarity only); also when it is in or near the center of the pattern 
than when it is on the ends. The task is hardest if it is placed 
at the center of the pattern next to a closely similar form. 

7. Sudden reversal of functional relationship between positive 
and negative stimuli causes temporary confusion both in selecting 
behavior and in affective concomitant. However, such dis- 
turbance subsides very soon and, in the case of at least twenty-two 
per cent of the subjects, with apparent “‘insight.”’ 

8. The sequence or order of presentation of the geometric 
form patterns has a marked influence over the learning per- 
formance of the infant. Presentation in a descending order of 
difficulty, i.e., from most similar to most dissimilar form com- 
binations, makes the initial learning relatively harder, but 
apparently prepares the subject more adequately for more 
difficult tasks at a later time by training him to notice fine 
differences from the start. Presentation of stimuli in an ascending 
order of difficulty, 1.e., from most dissimilar to most similar form 
combinations, has an opposite effect. 

9. Positional cues are apparently sought by some subjects at 
the beginning of the experiment. However, these infants soon 
learn not to rely on these cues and resort to using them again 
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only when temporarily confused, such as in the first form com- 
bination of Series V. 

10. Definite signs of one total stimulus pattern inhibiting 
another are shown by all the subjects in the first form combination 
of Series V when there is an abrupt reversal of functional re- 
lationship between the two units of the stimulus pattern, and by 
some trained infants in the first part of Series VI when compound 
blocks, made of a negative form superimposed on a positive form, 
or vice versa, are exposed for the first time. 

11. In the approximate order of decreasing potency the 
“geographical”? factors which affect the discrimination per- 
formance in the present study are: (1) number, (2) similarity, 
(3) sequence, (4) proximity, (5) size, (6) spatial orientation and 
(7) position. None of these factors, however, has a critical 
effect on performance. 

12. Data from Series I and VI show that the young human 
infant tends spontaneously to select (i.e., to “‘prefer’’) the more 
complex angular forms as opposed to the “‘primitive’’ circle form. 


B. LEARNING PROCESSES 


1. Trial-and-error method is imposed by the experimental 
procedure in learning the first form combination in Series I, 
and again in the first form combination in Series V. With these 
exceptions, selection without trial and error is theoretically possible 
in all other trials. However, with one possible exception, no 
infant in the present study showed such complete positive 
transfer. The amount of trial and error in subsequent trials 
varied enormously with the individual infant and was inversely 
correlated with the presence or absence of “‘insight.’’ 

2. These individual differences classify the infants rather 
specifically into the same five general “‘types’’ of learners as 
occur among adults. These fluctuate little from day to day 
over a long experimental period of several months. 

3. Plateaus occur in about one fourth of the learning curves 
and seem to correlate with the difficulty of the individual task 
and temporary fluctuations in interest and attention. The 
post-plateau rise of most of these curves would imply some kind 


62 BING-CHUNG LING 


of perseverative gain rather than loss in learning during the 
plateau period. 

4. The combined results on achievement and development 
show that the success of an experiment of this type depends, 
in a large measure, upon the careful selection of appropriate 
motivating factors which must appeal powerfully to the pre- 
dominant drives and lie within the sensorimotor capacities of 
a given age level. 

5. Analysis of data on the basis of development seems to show 
that, with the type of task provided in this study, the infant’s 
interest and efficiency in learning increase steadily from the 
seventh to the eleventh or twelfth month of age. After that 
there is a plateau or even a definite decrease due mainly to the 
extremely rapid maturational rate between eleven and fifteen 
months. This acceleration in development causes the older 
infant to disdain the very simple form patterns which, in turn, 
necessitates some slight increase in the complexity of the stimulus 
situation in order to maintain the same degree of appeal to the 
subject throughout the entire experiment. 

6. Data analyzed on the basis of development show that all 
the subjects of the Experimental Groups can be divided, according 
to their hand preference, into three distinct types: (1) the 
predominantly right-handed individuals, (2) the predominantly 
left-handed individuals, and (3) individuals who shift from the 
predominant use of one hand to that of the other from month to 
month in a rhythmical sequence. 

7. Handedness in a given infant does not seem to bear any 
consistent or significant relationship with his ability as a learner, 
or his interest in the task, or with the difficulty of the task. 

8. Comparison of data on Series VI between the Experimental 
and Control Groups shows that when presented with blocks 
compounded of both positive and negative forms, the trained 
subject behaves very much like the untrained in spontaneous 
selection. ‘This may possibly indicate that the trained infant 
perceives this compound block situation as a totally new Gestalt. 
On the other hand, it may simply mean a more complex, and 
therefore a more “‘interesting,”’ stimulus without regard to past 
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“conditioning.” Evidence for final interpretation of this series 
is not yet complete. 

9. The results of Series VI do, however, give clear evidence of 
positive transfer of training in other specific experimental 
“habits,” viz., superior visual “regard,’’ sustained attention, 
direct manual approach, short reaction time, and affective 
adjustment both to the stimulus patterns in particular and the 
total experimental situation in general. 

10. Both affective concomitant and vocalization, although 
so widely used as objective criteria for the apparent difficulty 
of a given task and the subject’s success in it, appear from this 
study to have no correlation with achievement scores. 

11. Data on oral behavior seem to confirm the interpretation 
of “mouthing” by Stern (55) and others as a relatively universal 
and stereotyped tactual experience in the development of spatial 
qualities. Whatever be the interpretation of this form of be- 
havior, it is a dynamic concomitant clearly related in early infancy 
to the difficulty of a given task. Enhancing this spontaneous 
tendency with a gustatory reward serves merely to intensify 
a natural motivation factor. 

12. If by abstraction is meant the capacity to respond to: 
(1) form per se, regardless of size, orientation, position, sequence, 
or pattern complexity; and (2) abruptly changed functional 
relationship between the two highly conditioned units of a 
stimulus pattern; then this experiment may be said to have 
demonstrated the presence of abstraction, or at least a “‘primi- 
tive” form of it, in human infants within the age levels studied. 
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